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1 Introduction

1.1 Aims

The aim of the dynamometer test on the Honda engine was to calculate and
evaluate the values for the Torque, Break Power, and Specific Fuel Consumption of
the Engine.

1.2 Objectives

The engine which was to be tested was a Honda B16A engine taken from a 1990
Honda Civic. The engine dynamometer being used was a Schenck W230 Eddy-
current dynamometer. The engine was connected to the W230 and then run through
a specified test sequence of 100% throttle from 1000-5500pm. The findings of the
tests along with the calculated values for the torque, power and specific fuel

consumption (SFC) are shown below.




2 Background Information

The Honda B16A engine was first used in 1989 in both the Honda Integra XSi and
the Honda CRX SiR. The B-series of engines were Honda'’s performance offering
over the more economical D-series engines produced around the same time. Due to
the implementation of the Honda VTEC system, these B16 engines were capable of
making around 100HP per litre. The VTEC system is a variable valve timing system
using two different cam profiles, one for low engine speed and one for high engine
speed. This meant that the B16 could be very drivable at low speeds but still make
good power throughout the rev range. This is achieved by a pretty high redline and
using the VTEC system by producing good torque figures throughout the rev range
allowing the power to be produced. (Honda B16: Everything You Need to Know, 2019).




3 Methodology

The first step to testing an engine using the engine
dynamometer is to set up and connect the engine
to the dyno. This is done by connecting the W230
dynamometer to the engine along with the fuel
supply and cooling systems. The set-up of the
dynamometer with the engine connected can be

seen in Figure 1.

Once the dynamometer has been set up with the
engine and all of the necessary accessories
connected, the dyno room is then closed off and

the door locked to the control room. Once

everything is deemed safe, the engine can be

started using the controls in the control room as Figure 1: W230 Dynamometer connected to the
Honda B16A

shown in Figure 2.

Once the engine has been allowed to warm
up, the test sequence can be started. The
sequence used for this test involved using
100% opened throttle and taking a load
measurement at 50rpm intervals in the range
of 1000rpm to 5500rpm. This Test was run,
and the results were collected. The results

collected are for the Dyno speed (rpm), the
load on the dyno (N) and the Fuel Flow Rate

(f.min’").

Figure 2: Dynamometer Controls

Once the test was completed, the results were taken away and examined.




4 Discussions and Results

Table 1: Completed Table of results calculated from dyno test

Load | Torqu | Dyno | Fuel Fuel | Lam  Break | Corre SFC/k @ S.F.C/k | BME | Break
/N e/Nm | Spee |Flow |flow | bda Powe | cted @ g.sec- g.kWh- | P/Pa | Therm
d/rp | Rate/ | rate r/kW | Powe 1 1 al
m l.min- r/kW Efficie
1 ncy %
110.7 | 90.380 1000 | 0.0704 3.139 1.34 0.4646 @ 9.3602 0.0386 0.335395 | 16491 0.53444
91701 9892 40221 | 756 7505 8695 6697 94  9.283 1387
111.0 | 90.602 1050 | 0.0724 | 3.228 1.34 09622 | 9.8523 0.0397 0.327697 | 18226 0.54699
62732 089 58977 158 2 4436 6546 62  8.306 656
1115 90.990 1100 0.0737 3.286 1.33 10481 | 10.365 0.0404 0.317058 20089 0.56535
39334 8885 56169 335 3979 7961 7048 3 893 1768
1121 | 91.505 1150 | 0.0728  3.246  1.32  11.019 | 10.898 0.0399 0.297884 @ 22081 0.60174
70268 5878 42729 334 8092 2691 8516 67 9.613 1172
1129 | 92.131 1200 | 0.0744 = 3.317 1.30 11.577 | 11.449 0.0408 0.289764 24208 | 0.61860
37881 7871 77734 89 6218 9295 6396 4.139 5045
113.8 | 92.903 1250 | 0.0789 3.520 1.29 12.161 | 12.026 0.0433 0.292733 | 26487 0.61232
8373 3861 5 | 67904 149 0248 898 6303 76 8.018 9346
1149 | 93.800 1300 | 0079  3.522 1.26 12.769 | 12.628 0.0433 0.278959 28925 | 0.64256
83298 385 90873 914 5794 7407 9049 62 8.196 4212
116.1 94.781 1350 0.0796 | 3.549 1.24 13399 | 13.251 0.0437 0.267866 @ 31519 0.66917
85836 3839 665 @ 124 4025 6173 2004 55 | 9.072 4522
117.3 95.720 1400 0.0835 3.723 1.22  14.033 | 13.878 0.0458 0.268295 34233 0.66810
37501 8826 58075 166 4143 6366 621 86  0.58 3745
1185 | 96.731 1450 | 0.0847 @ 3.777 1.20 14.688 | 14.526 0.0465 0.260021 37110 | 0.68936
76691 7814 09328 786 1063 1077 212 02 7.335 5316
119.6 | 97.623 1500 | 0.0886 3.953 1.20 15.334 | 15.165 0.0486 0.260672 | 40080 0.68764
70007 6803 5 | 23872 149 6918 562 9072 09 3.995 3507
120.5  98.370 1550 | 0.0932  4.156 1.20 15.967 | 15790 0.0511 0.263197 | 43124 0.68104
8521 2794 14043 086 0329 9288 898 97  2.594 4268
1213 | 98.999 1600 | 0.0959 @ 4.276 1.20 16.587 | 16.404 0.0526 0.260692 @ 46245 0.68759
56502 4787 54364 578 5219 5742 7276 14 = 2.595 0606
121.9 99.506 1650 0.0987 | 4.403 1.21  17.193 | 17.003 0.0542 0.258978 49432 0.69214
78119 578 5| 63591 225 5024 8713 3812 43 | 6.654 0532
122.4 | 99.903 1700 | 0.1000 @ 4.461 1.22  17.785 | 17.589 0.0549 0.253658 | 52683 0.70665
64895 6775 5 | 60783 465 2107 0535 5214 21 | 3.843 7471
1229  100.26 1750 | 0.1030 @ 4.595 1.23 18.373 | 18.171 0.0565 0.252895 56027 0.70878
02761 0877 5 | 38917 562 7654 1168 9988 25 5.904 9383
1233 | 100.65 1800 | 0.1093 = 4.874 1.24 18.973 | 18.764 0.0600 0.259751 | 59510 0.69008
90641 8877 10031 @ 276 7512 4853 3267 35 2.038 1006
1239 | 101.13 1850 | 0.1141 5.090 1.24 19593 | 19.377 0.0626 0.262698 | 63160 0.68234
76587 6876 5 | 38015 53 4035 3033 9652 07 | 7.589 0263
124.6 101.71 1900 0.1174 5.237 1.24 20237 | 20.014 0.0645 0.261691 66999 0.68496
81438 1875 5| 53063 393 3611 1585 0903 72 | 7.546 4231
125.4 102.35 1950 0.1205 5.375 1.24 20901 | 20.670 0.0662 0.260070 71017 0.68923
6842 3875 5 | 78035 359 0217 4995 1169 17 | 9.052 5019
1263 | 103.04 2000 | 0.1255 5.598 1.24 21.581 | 21.343 0.0689 0.262317 | 75210 0.68333
14241 3874 5 | 74925 156 4584 4315 5793 2 1.606 0974
127.2 | 103.78 2050 | 01278  5.701 1.23  22.280 | 22.034 0.0702 0.258744 79586 | 0.69276
23806 5873 5 | 31495 726 2839 5495 212 34 6.66 6729
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107.0 87.337 5200 | 0.3338 | 14.88 1.01  47.559 | 47.034 0.1833 0.316478 @ 43092 0.56638

61016 5929 54042 938 051 5112 3856 34 | 55.59 7788
105.5 86.130 5250 | 0.3313 | 14.77 1.01 47.352 | 46.830 0.1819 0.315476 @ 43318 0.56818
81318 4944 39198 836 7125 4484 6545 79 | 14.94 5909
104.1 84.989 5300 | 0.3324 @ 14.82 1.01  47.170 | 46.650 0.1825 0.317748 43562 0.56412
82281 1959 29729 69 2532 0015 6962 61 | 20.03 3544
102.8 83.910 5350 | 0.3308 | 14.75 1.01  47.010 | 46.492 0.1816 0.317290 43824 0.56493

5098 4972 16229 727 9139 4196 9082 93 | 62.48 727
101.6 82.941 5400 | 0.3388 | 15.10 1.01  46.902 | 46.384 0.1860 0.325718 @ 44131 0.55032
71662 0983 83731 692 0861 7921 848 25 80.09 0627
100.6 82.116 5450 | 0.3438 | 15.33 1.01 46.866 | 46.349  0.1888 0.330779 | 44506 0.54190
61457 9993 1342 575 0327 1364 3103 45 | 19.07 0252
99.88 81.479 5500 | 0.3488 | 15.55 1.01  46.928 | 46.411 0.1915 0.335140 44974 0.53484
02366 7001 4311 345 9383 3482 7726 25 | 79.05 9121

Once the results have been collected, the end goal is to calculate the break power
and the brake thermal efficiency. The first step to this is to calculate the torque
produced. This is don’t by using the equation:

T=WR

Where T is the torque, W is the load, and R radius of the torque arm, which for this
dynamometer is 0.815774m. The torque is measured in newton meters (Nm). This
calculation is repeated for each of the different readings taken from the test.

Now that the torque has been calculated, the break power can also be calculated.
The equation required to calculate the break power is as follows:

_ 2mNT
~ 760

Where Nis the engine speed in rpm and T is the torque previously calculated in Nm.
The break power is measured in watts (W) however it is required in kilowatts (kW) for
future use. To do this the values must be divided by 1000, therefore, the equation to
be used should be:

P — 2nNT
~ 60x103

The next step is to correct the power for the temperature and pressure in the
dynamometer room at the time of the test. For this we use the equation:

1.01325 [T,

Fs

BP Pa 293
Where Psis the corrected power; BP is the calculated power; 1.01325is the
standard pressure in Bar; p. is the ambient pressure; Ta is the ambient temperature
in Kelvin; and 293 is the standard temperature in Kelvin. This equation is rearranged
to get:




101325 [T,
P} =
Pa 293

This is then given a column in the table as with the rest of the results.

Once the corrected power has been calculated, the specific fuel consumption (SFC).
This is done by using the Fuel flow rate from the dynamometer. First, the flow rate
must be converted from I/min into kg/min by multiplying the fuel flow rate in I/min by
the specific gravity of the fuel which is 0.739 (Engineeringtoolbox.com, 2003). Once the
flow rate has been converted to kg/min, it is multiplied by 60 so that the units are
kg/hour. Finally, by dividing by the brake power to get the specific fuel consumption
in kg/kWh.

Now that the values for the torque, corrected power and specific fuel consumption
have been calculated; each of these are plotted against engine speed on their own
graph as shown below.

A graph of Torque against engine/dyno speed
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Figure 3: A graph of Torque against Engine Speed

The torque curve depicted in Figure 3 shows how the torque produced by the engine
differs with engine speed. The relationship shown in the graph is a result of the
change in volumetric efficiency of the engine with speed. At the lower engine speed,
up to 2000 rpm, the volume of air entering the combustion chamber is lower than the
capacity. Therefore, the energy produced from combustion is not at a maximum,
hence the torque produced by the engine is lower. Conversely, when the volume of




air entering the chamber is at its maximum, the volumetric efficiency is also at a
maximum. Hence, the torque is also at a maximum due to the complete combustion
producing more energy and torque. (EPI Inc., 2019)

A Graph of Corrected Power against Dyno/Engine
Speed
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Figure 4: A graph of Corrected Power against Engine Speed

The power curve produced by the data (Figure 4) shows a fairly linear increase in
power up to around the 4000rpm mark where the curve begins to plateau. This
happens with the graph because of the relationship between the torque and the
power. If the two graphs (Figures 3 and 4) are compared, the power graph starts to
plateau at the same point that the torque graph begins to drop. This is because the
power is proportional to the torque as can be determined using the equation for

power BP = %Therefore, BP xT.




A graph of the Specific Fuel Conumption against
Engine Speed
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Figure 5: A graph of SFC against Engine Speed

The final graph produced from the data recorded from the dynamometer test is a
graph of specific fuel consumption (SFC) against engine speed (Figure 5). This
shows that the SFC starts off being high before dropping quite rapidly, it then
steadily climbs throughout the rev range. To understand why this occurs, the
definition of SFC must be understood. The definition of SFC is the volume of fuel
burned per unit of power produced (Collins, 2020). This means that the SFC is
inversely proportional to the power. This can be seen by examining both the graphs
(Figures 4 and 5); as the power begins to increase, the SFC drops quite quickly
before beginning to climb again. This drop is due to the higher volume of fuel needed
to start to increase the engine speed as the engine is at idle at the start of the test, a
lot of fuel must be consumed in order to start increasing the engine speed.
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5 Conclusions

The results of this test prove that there is a relationship between the torque and
power produced from an engine as is depicted in the equations mentioned in this
report. However, the results that have been collected do not match the peak power
and torque figures specified for the B16A. The specified peak power of the B16A is
160ps which converts to 117.7kW by multiplying the 160ps by 0.7355. The torque
value obtained from the experiment is much lower than the claimed 150Nm at only
107Nm from the tests. This result could be due to the specified power and torque
figures take into account the full rev range of the engine and hence the activation of
the VTEC variable valve timing system. If the VTEC does not activate until after
5500rpm, then the test would not yield the results that can be compared to the given
values for the engine on test. (Honda Engine, n.d.)
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6 Evaluation

| believe that | have managed to complete all the tasks to a good standard and that
the results that | have collected and calculated are reasonably accurate for the test
that was performed. In the future, | would lay out the spreadsheet better in order to
see all of the important and useful data in one section of the spreadsheet as

opposed to having to scroll across in order to find the data that is required.

If the dynamometer test were to be repeated, the test should be run from the lower
limit of 1000rpm as in this test, but the range should be increased to the redline of
the engine. This would be because the claimed peak power and torque values are
recorded above 7000rpm for the B16A engine and therefore, the results collected
would not have been accurate due to the VTEC system not being activated so the
second set of cams were not used to take the engine to its peak power. This would
likely make the results much more coherent with the claimed figures found for the

engine in question.
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Engine Performance Characteristics - Aiden Scriven

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

59/100

Instructor

PAGE 1

PAGE 2

PAGE 3

QM

PAGE 4

Justify text both sides of the page | = Skills Prof P

PAGE 5

Comment1 | = Literature

Nice, try and use a more appropriate resource of information and your referencing doesn't conform to
Harvard's system, you need to read the referencing handbook on the Engineering Hub on Moodle.
What about background on dyno testing?

PAGE 6

Comment2 | g Practical

You could have annotated this to make it relate to your method and the text better.

Comment3 | & Practical

What about calibration?

Comment4 | & Practical

What kind of test was this?

QM

Results | & Skills Prof P
Results chapter should only include the raw data from your experimental procedure and the spread



sheet should go into your Analysis chapter.

’ Comment5 | = Cognitive
Units?

PAGE 7

PAGE 8

PAGE 9

@ Comment6 | H SkillsProfP

PAGE 10

This should be in the analysis.

PAGE 11

®

®

®

PAGE 12

Comment7 | = Cognitive

Nice. Comparison with another graph would have been good.

Comment8 | = K&U

If this was the case, the graphs would have an identical shape.

Comment9 | = Cognitive

Again comparison with another graph needed, preferable from a similar engine.

®

PAGE 13

Comment10 | == Cognitive

| think you need to think back to the test procedure here, if you were not quick enough to start the
test, the system overfuelled the engine causing it to bog down. Also would you expect fuel
consumption to increase with rpm?!

®

Comment11 | & Cognitive

This is a VTechE made for economy not power.

What about the state of tune or service of this engine? Would that effect results?



@ Comment12 | :E Cognitive
| think you have better understanding of the principles than you have demonstrated here. You

needed to validate your work by looking at similar experiments on similar engines. You also need to
use better citations, yours are not of any academic quality.

PAGE 14

PAGE 15

. Comment 13 | = Literature

You need to go into the library and read the engine text books.



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%
©)

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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