Finn Flye Engine Performance Characteristics 2304833

UWTSD
WISA

Prifysgol Cymru
% Y Drindod Dewi Sant

& University of Wales
Trinity Saint David

)

Engine Performance Characteristics
ACHA4003

Finn Flye
2304833

March 2025



Finn Flye Engine Performance Characteristics 2304833

Contents
IS 19 ¢ o Yo [UTe dTo] o [0SR PR iii
2. Methodology and EQUIPMENT .....ee ittt et et et e e e eeeeeeenseneennans iv
3. DYyNamMOMELEr DaAta ..cueeieeiiiiiie ettt ettt e e ee e e e e et e anns vii
N €1 ¢-Yo] a1 oF-] Nl D -] c- H TP PRRN X
4.1. Why does SFC vary with Engine Speed?.....couiiiiiiiiiiii e X
4.2. Why does Torque vary with ENging Speed? ......ccuuviiiiiiiiiiiiieiiie ettt eeeeeeeens xi
4.3. Why does Brake Power vary with Engine Speed?.......ccciieiiiiiiiiiiiiiiieiiieeie e eve e Xii
LS TR o] o o LU E=] o] o H PP PPRPPRPP Xiii
ST Y 1 (U F= | { o] o DO PP PP Xiv
R 21 {1 4= o [o T SO PTT PP XV
Figure 2-1 Photograph of Engine Dynamometer (F. Flye, 2025) ....c.ciuiiiiiiiiiiiiiiiiiieieeieeeeeeeeeennes iv
Figure 2-2 Photograph of the self-containing engine rig (F. Flye, 2025).....c..ccovieiiiiiiiiiiniieniennnenn. %
Figure 2-3 Photograph of Calibration arm (F. Flye, 2025) ....c.ciuiiiiiiiiiiiiiiieir e ee e e e %
Figure 2-4 Photograph of the Dynamometer/ Engine speed and torque (F. Flye, 2025)................ vi
Figure 2-5 Photograph of the Dynamometer testing system (F. Flye, 2021) ..c.ceuvieiiiiieieienrinnennes vi
Figure 3-1 Calculated Data up until 2900rpm (F. Flye, 2025) ....cuiriiiiiiiiiiiiiiie e eeeeans Vii
Figure 3-2 Calculated Data up until 5050rpm (F. Flye, 2025) ....cuuimniiiiiiiiieieie e veeeaes vii
Figure 3-3 Calculated data up to Maximum rpm of 5500 (F. Flye, 2025) .....cccoviviiiiiiiiiniiniinnnnnen. viii
Figure 3-4 Data given and Collected conversions (F. Flye, 2025) ......ccviiiiiiiiiiiiiiiniiniiciieeieennens viii
Figure 3-5 Data given and collected from the engine specifications and Calculated (F. Flye,
D01 PR ix
Figure 4-1 Smoothed SFC against Engine Speed (F. Flye, 2025) .....ccuiiriiiiiiiiinieiieeieeeeeeeeeennens X
Figure 4-2 Torque against Engine Speed (F. Flye, 2025) .....ovuiiiiiiiiiiiiiiiiiriieiieeeee e e reeeneennes Xi
Figure 4-3 Graph of Brake Power against Engine Speed (F. Flye, 2025)......ccciviiiiiiiiiiiiiiiniiniinnnnns Xii



Finn Flye Engine Performance Characteristics 2304833

1. Introduction

The purpose of this assignment is to understand how an engine dynamometer functions and
what data can be produced when running an engine at different Rpms and loads. The engine
dynamometer is ‘a means of measuring torque, force and power from a rotating shaft (Killedar,
2012)’. For this assignment an experiment will be undergone to collect numerical data, using the
data collected other figures can be calculated to find out the overall Specific Fuel Consumption
(SFC) and the Thermal Efficiency of the engine, this will show how much fuel is consumed per
Kilogram per Kilowatt hours and how efficient the engine is and how much power is lost due to
heat. Additionally, graphs will be plotted to show the relationship between the Torque, Brake
power and the SFC against the engine speed to determine what occurs at different Rpm’s and
why variations can arise.

Furthermore, there will be an analysis of the performance of the task carried out and how
changes could have been made to personal performance and how the overall investigation
could have been improved.
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2. Methodology and Equipment

To conduct this experiment the Sweep test was used, using the P-curve system within the
dynamometer. This allowed increments of 50 rpm to be measured as the engine was revved,
using the sensors built into the dynamometer to ‘feed data back into the engine management
system, also enabling precise control (Zuccato, 2006)’ this precise control can either be
conducted manually through the dials or parameters set within the management system. For
this experiment parameters were set with the boundaries of rpm reading the max at 5500rpm
and the timed and logged intervals. Although, using this system meant the sensors would have
to keep up with the engine this meant that the ‘engine wouldn’t overheat and cause
overburdening strain onto the dynamometer (Fall, 2021)".

The data fed back consisted of the Rpm of the engine showing the intervals of 50 from 1000rpm
to 5500rpm, while showing the increasing load applied by the Calibration arms. With the
exterior systems in place the Lambda values were recorded through the Lambda sensor that
was plugged into the engine and the fuel flow rate was retrieved by the flow sensors.

This figure shows the engine
dynamometer that is attached to
the 1.6L engine. The
dynamometer consists of an
inner and outer casing, the inner
casing rotates freely with the
rotating shaft while the outer
casing holds ‘electromagnetic
current that can be used to resist
the motion of the rotating shaft to
try and halt the engine as if it
were a brake (Fall, 2021)’.

Figure 2-1 Photograph of Engine Dynamometer (F. Flye, 2025)

The white box in the figure above is the throttle actuator box which supplies the engine
management system with recorded readings of the throttle position throughout the system.
‘When the actuator is closed this causes the engine to run at idle as if it were an accelerator
pedalin a car (2CarPros, 2022)’ This is more precisely done through the usage of a dial which
can be found in the control room.
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This figure contains the rig that the
engine is self-contained on, having
the basic functions and main
functions ultimately implemented
through the sensor modules, which
are then controlled by the
management system in the control
room.

----------
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Figure 2-2 Photograph of the self-containing engine rig (F. Flye, 2025)

Within this figure is the Calibration arm

| thatis used to control the load on the

outer casing of the dynamometer causing

: the resistance against the direction the

M/C WS 23 SERIAL NoA engine is rotating. When the load is

;iﬁfgﬂ* iR 2005 imm changed the torque changes as well due
to the increase in electromagnetic

current in the casing.

S

LENGTH s
RATIO- (J3PCODSE)

The length shown on the Calibration Arm
shows the ‘distance between the pivotin
' the centre of the dynamometer to the
hook eye (Fall, 2021)’. The hook eye is the
location where the masses are hung
from.

Figure 2-3 Photograph of Calibration arm (F. Flye, 2025)
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Figure 2-4 shows the system that
____ was used to observe the torque
..... - and speed of both the Engine and
; ' ' Dynamometer, this was usefulin
== the understanding of how the
2 controls of the dynamometer
effect the torque and how the
increase effects the rpm of the
engine. This screen also displays
% the value of torque being used
. manually with the dial in the
control room as shown with the
larger gauge, this helps keep a
readily control over how much
| torqueis fed into the
dynamometer.

237

Figure 2-4 Photograph of the Dynamometer/ Engine speed and torque (F. Flye,
2025)

This figure shows the system that
displays the real time graph that is

1] 1] e = collected when the dynamometer
596.12 .

000 » is manually operated where torque
= is from 0 to 200Nm and Throttle is
0.15/ w. = between 0 and 100% direct. This
0.29] o 3
| g graph also conveys the values of
=== T Lambda and the rate at which the
s b fuel is flowing. Using manual mode
FoA C 0.06] (- ‘ will allow for targeted Rpm and
PeAN 0.06/ v - nx .
| Foasa 0.6+ = = loads to find exact values. However,
28 =T ’ this system will also allow for the
- , - sweep test to be conducted,
= [ momane ] b - Come == = —L T .
- EX . | = = allowing for more accurate and
o o] ot

quicker results.

Figure 2-5 Photograph of the Dynamometer testing system (F. Flye, 2021)

Vi
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3. Dynamometer Data

Dyno Speed
rpm
1000
1050
1100

1950

2050

2150

Fuel Flow Rate
I/min
0.0704
00724
00737
0.0728
0.0744
007335
0.079
0.0796
0.0833
0.0847
008365
00932
0.0959
0.09875
0.10005
010305
01093
011415
011745
0.12055
012555
0132785
0.1309
0.13435
01377
014105
0.144595
0.14385
01537
015565
01596
0.1626
0.16805
017145
017485
01734
0.18005
0.1831
0.1879

Fuel Flow Rate Lambda

I/Hour
4.224

Lambda
1.2658
12658
12658
1.2658
1.2658
12658
12658
12658
1.2658
1.2658
12658
12658
12658
1.2658
1.2658
12658
12658
12658
1.2658
1.2658
12658
12658
12658
1.2658
1.2658
12658
12658
1.2658
1.2658
12658
12658
12658
1.2658
1.2658
12658
12658
12658
1.2658
1.2658

Torque  Torque
Nm Ib.ft
B3.43 61.54
B383 6183
B4.39 62.39
8501 62.70
8832 63.66
B770 64.69
8932 65.88
9120 67.27
9322 88.75
8445 69.66
9543 70.33
56.09 70.87
96.65 7128
95.89 7146
96.80 7139
96.96 7152
9755 7185
g97.84 7218
98.04 7231
9867 7277
9965 73.50
10021 7381
100.99 74.43
101.80 75.09
102.08 75.29
10281 75.83
103.33 76.21
10346 76.31
10335 76.23
10324 76.14
10315 76.08
102.98 75.96
10282 75.91
102.66 75.72
10190 75.16
10110 7456
100.50 74.42
100.66 74.24
99.95 73.72

BHP
HP

Power (P)
kw
B8.74

Figure 3-1 Calculated Data up until 2900rpm (F. Flye, 2025)
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103.632
102.335
101.106
99.3149

4550

C
ULA3L
0.1879

019255
0.199
0.20605
021005
021605
021795
0.23305
0.2255
0.2285
0.2342
023605
024155
024545
0.23505
0.25755
0.26445
0.2651
02693
027375
02758
0.28285
0.28455
0.2871
0.28393
029305
02343
029715
03022
0.30605
0.3092
03093
031445
03171
03194
0.32055
0.3207
0.32483
032455
03257
03277
032345
0.3287
0.32985

18.363
18.552
15.554
13867
15.026
19154
19.233
19.242
19.491
19.473
19542
19662
18707
18.722
19.791

E
Lzose
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658

Corrected P
kW
9.05

BMEP
Pa
46012.1%
4622859
46648.33
46882.27
47602.99
4836735
4925723
50296.02
51407.69
52089.27
52630.03
52591.29
53298.56
53433.98
53381.79
53474.02
5379529
53956.75
54065.62
54412.33
54556.85
55266.37
53694.21

56143.2
56297.51
56698.36
56982.69
57055.57
56996.18

56534.1
5688281
56793.29
56758.19
56616.83
561595.84
55753.15
53646.07
53511.11
55118.71

BMEP M of fuel per hour

kPa
46.01
4623
46.65

ke/h

1147725
1158575
11.50025
119295
121185
12 31875
12 4155
1272825
12.80475
129195
13.00275
13.18725
13.2705
1337175
13.559
1377225
13.814
13.9455
1415025
14 2695
14.373
14.42475
144315
14.61825
14.60475
14 6565
14 7465
1478025
14.7815
14.84325

BSFC  SFC

gfkwh  kg/kWh

3.168 1260.06

3.258 1228373
3.3165 1182.852

3.27 111203

3.348 1072.628
355275 1075428

3.555 1016.027

3.582 965.4667
3.7575 9554808
3.8B115 923.3465
358925 924795
4154 934 4528
4.3155 926.135%
4.44375 921.416%
4.50225 907.9588
463725 906 8986
49185 929 5286
5.13675 9417812
5.28525 941.6074
5.42475 935.6687
564575 9407117
575325 9293463
5.8905 921.7261
6.04575 916.6292
6.1965 915.6167
6.34725 910 5666
6.52275 910.8336
©.74325 9204124
£.9165 925.3552
7.00425 9189718
7.182 9242797
7.317 924.6449
7.56225 937.8388
7.71525 941.1025
7.85925 947965
8028 9582623
£.10225 951.6827
B.2395 953.1367
B.4555 968.085

1045.342
1041.958%
1056.712
1045.581
105037
1061.051
1060.125
1081.688
1085.153
1092.927
1098.509
1109573
11087
1112625
1124.663
1129.602
1129.657
1118.413
1128 545
1128 263
11329
1136.238
1135.803
115221
1155.843
1168.10%
1181338
1186.938
1190.258
1203.923

2304833

Energy Input Thermal Efficiency

Mifh
145.09
14572
15120
150.04
153.34
16272
162 82
164.06
172.08

%
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5| 102.335
6 101.106
7| 99.3149

97.5815
95.8486
94 8033

1| 93.0976

917836
905938

1| 89.6374

88.9256
886474

4850

5050
5100
5150

5250
5300
5350

5450
5500

0.32845
0.3287
0.32885
0.3297
0.33095
0.3338
0.3313
0.3324
0.3308
0.3388
0.3438
0.3488

19.707
19.722
19.791
19.782
19.857
20028
19.878
19.944
19.848
20.328
20.628
20.928

12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
12658
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61.57
60.83
59.76
58.71
57.67

56.02
55.23
5451
5393
53.51
53.34

Figure 3-3 Calculated data up to Maximum rpm of 5500 (F. Flye, 2025)

Nm - Ib.ft Correction Factor

44.83
4474
44.38

43.68
4363
4325
43.05
42.89
42.84
42.89
43.15

46039.19 46.04
45486.28 4549
44680.48 44.68
43500.65 4350
4312104 4312
4265077 4265

418834 4188

412945 4129
40756.97 4076

403267 4033
40006.47 4001
3988131 39.88

14.78025
14.7915
14.84325
14.8365
14.89275
15.021
14,5085
14.958
14.886
15.246
15.471
15.696

1186.938
1150.258
1203.923
1212.745
1227.31%
1239503
1240.829
125073
12454
1281.293
1298.586
1309.582

2304833

The method used to calculate torque comes from the ‘handout master Pt.1 (Summerfield,

2019)’ using the formulaT = W.R

W being the load and R being the radius (the length of the calibration arm)

To calculate the Specific fuel consumption the equation SFC =

CorrectedPower

Mass of fuel per hour

was used

which is a deviation of the equation found in the ‘handout master Pt.1 (Summerfield, 2019)’

D.?S?Sﬁl 1.035890421 .I 10189

Figure 3-3 Data given and Collected conversions (F. Flye, 2025)

Baro
mBar

Humidity Ambient temp

%
45

DegC
27

5t Temp
DegC
15

viii

AP StP
kPa kPa
101.89 101.325

K

AT

300

sT

StP
mBar
288 1013.25

kW - MI/h

3.6
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1

2 R(D) 0.815776|m

3 |Bore 73|mm
4 | Stroke 90|mm
5 |Swept Vol 397607.82|mm*3
B Temp 27|°C

7 |AP 101.89 |kPa

g |CV petrol 45.8(m1/ kg
9 Fuel Mass 0.75|kg/L
10 |cc 1590.4|cc

11 |No. cyl a4

12 |Standard Pressure 101.325|kPa
13 Standard Temperature 15|°C

14

37.5 mm

397.61 cm”3

1.6 liters

Figure 3-5 Data given and collected from the engine specifications and

Calculated (F. Flye, 2025)

2304833

To calculate the Swept volume of a cylinder the equation 7. 2. [ was used to then calculate the

Engine capacity using the value recorded times the number of cylinders.

Cc = swept volume . 4

This equation derives from the one stated in the ‘handout master Pt.1 (Summerfield, 2019)’
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4. Graphical Data
4.1.Why does SFC vary with Engine Speed?

SFC vs Engine Speed

035
0z
0.25

SFC (kg/kWh)

o
=

a 1000 2000 2000 4000 5000 8000
Engine Speed (RPM)

Figure 4-1 Smoothed SFC against Engine Speed (F. Flye, 2025)

There are many reasons why the specific fuel consumption varies within the rpm of the engine
as a ‘higher speed and load will increase the fuel mass flow rate (Stark, 2017)’, thus increasing
the specific fuel consumption as shown in the figure above. Where the Consumption falls is
where engine is becoming more optimal up until a certain speed, thus the SFC reduces before
its gradual increase as more elements come into effect as at higher speeds the engine is prone
to mechanical losses, ‘through friction in the pistons and crankshaft (X-Engineer, 2025)’.
Alternatively, the SFC could be affected by the way the throttle is used as at low speeds the
throttle operates partially meaning more fuel is consumed as a result of the inefficiency.
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4.2 .Why does Torque vary with Engine Speed?

Torque vs Engine Speed

120.00

100.00
80.00

80.00

Torgue{MNm)

40.00
20.00

0.00
4] 1000 2000 3000 4000 5000 6000

Engine Speed (RPM)

Figure 4-2 Torque against Engine Speed (F. Flye, 2025)

Figure 4-2 shows how torque is affected by the engine speed, typically in petrol engines there
will be a peak torque where the engine has reached its maximum efficiency and as shown in the
graph above the peak is around 2400rpm and ‘any speed after this the torque decreases due to
an increase in friction within the moving parts (CarBikeTech, 2015)’. The peak being at a
relatively low rpm is due to the fact that the engine can generate more force to propel itself than
at higher speeds. Furthermore, this could be due to ‘exhaust back pressure as it will reduce the
volume of fresh air in the engine thus decreasing volumetric efficiency (Sivaram, Rajavel,
Vinothkumar, 2017)’, which in turn reduces torque as the engines ability to combust air mixtures
will reduce.

Xi
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4.3.Why does Brake Power vary with Engine Speed?

Brake Power vs Engine Speed

50.00
45.00
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
Qoo
o 1000 2000 3000 4000 5000 6000

Engine Speed (RPM)

Brake Power (kW)

Figure 4-3 Graph of Brake Power against Engine Speed (F. Flye, 2025)

The figure above shows the relationship between Brake Power and Engine Speed, brake power
also has correlation to the value of torque as shown in the equation‘* BHP = Torque x Rom/
5252 (Sherman,2016)’ so as torque increase the brake power increases, however also being
determined by the rpm so although torque is large the rpm is small so the overall brake power is
low. This relays back to the fact that torque reaches a maximum and the ‘overall performance of
the engine decreases causing the drop in brake power at the higher rpoms (BMW, 2025)’ This
could be the reason why the power reduces towards the maximum rpm. Another factor that the
brake power deviates is the ‘frictional power becomes more significant as the engine speed
increases (University of Idaho, 2020)’

Xii
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5. Conclusion

To conclude the overall thermal efficiency of the engine was relatively low at a peak of 31.17%,
why the value is so low could be due to a number of factors including that of ‘mechanical
friction and heat losses (Thermal engineering, 2019)’, the reason for heat losses will always
‘primarily lost to the atmosphere through the exhaust (Lafayette,2014)’, however there could be
combustion problems and engine cooling systems problems within the engine as itself and
some parts are relatively old.

Furthermore, the engine didn’t produce a lot of power this could be due to the fact of higher
torque so the engine can’t generate high enough force for the toque input. Thus, reducing the
overall performance of the engine as well.

Xiii
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6. Evaluation

Unfortunately, this experiment couldn’t be carried out properly as the engine dynamometer
wasn’t working. If this had been done when the dynamometer was functional, other precautions
would’ve been made individually, ensuring that all the sensors were plugged in, and all
extractions were in place. Furthermore, | would have asked for a detailed tutorial of how the
dynamometer is used and all of its functions so that | could confidently understand the
fundamentals and use it ensuring that all of the data was accurate.

Finally, if the chance had arisen, | would have used the manual settings on the system to further
check over my work to ensure that there are no obscurities within the collected data. As this
would allow me to have full control over how much throttle and torque are implemented into the
dynamometer, thus allowing my final calculations to be as close as possible to the engine
results itself.

Xiv
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