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Introduction
The aim of this test is to gather a deeper understanding on how an engine dyno works and gather various types of data and be able to collect data and calculate certain aspects of the engine, such as its horsepower, torque and overall thermal efficiency. After calculating these aspects, the brief asks to produce graphs for the required relationships; the brief also asks to answer associated questions related to these graphs. The brief also asks for a conclusion from our test results and also asks for an evaluation on all the work done for this assignment.





















Method
Testing equipment
The dynamometer used in this experiment contains several parts of equipment.
The fuel cell
The fuel cell used in this experiment contains of a primary fuel pump which pumps fuel out of the fuel safe and into the system, by this point the fuel has already gone through the systems filter. The fuel then leads toa fuel flow meter and into a secondary fuel pod. The fuel then goes through a secondary fuel pump and finally down through a regulator before entering the engine. If the engine has a fuel return system, the returning fuel gets fed back into the secondary fuel pod.
The engine
The engine used on this dyno is a Honda 1.6 from 2000. It’s a D16 model that comes from a Honda Jazz or a Honda CRX. This is a naturally aspirated engine and is slightly modified with an aftermarket air filter bolted directly onto the throttle body. The engines exhaust system doesn’t contain of a normal silencer but rather a rudimentary extraction pipe. However, the exhaust system does have a LAMBDA sensor meaning we can see the exhaust gasses. The other sensors on the engine are coolant temperatures and a fuel flow meter.  The throttle is controlled via a computer and is actuated from a throttle actuator module which gives throttle position readings throughout the test. The engine is self-contained and is primarily controlled by the sensor modules. 
The dynamometer
The engine and dyno are connected via a driveshaft, this is bolted directly to the crank of the engine meaning that the engine and the dyno run on the same RPM’s.  the dyno also has coolant temperature sensors and speed sensors. The dyno can hold around 2,000 sensors on many different aspects. The dyno is limited to 10,000 RPM and is limited to a load of 250Kw. The inner core of the dyno spins freely and is controlled by the engine. The outer core is fed by current. The current produces an electromagnetic field, and the electromagnetic field puts strain onto the engine trying to slow it down. The outer casing tries to turn from this but is stopped by a strain gauge which reads a signal between 0 to 10 volts. 
The computer
The computer can run this programme in 3 different ways. It can be run manually by turning 2 dials which control the dyno and the throttle of the engine meaning that the power and torque of the dyno is controlled by the dials. It can also be run automatically by running a programme through the control module. The third type of test is the step test, with this you put the initial and final rpm and programme how many steps you’d like.
Method
The method used to carry this experiment out was using the step test method. The initial rpm was 1000 rpm, meaning the engine would be at idle, and the final rpm would be 5500, for each step do be incremented in 50 rpm’s there were 90 steps in total. From each step we could then plot the load, fuel flow rate and lambda figures into our spreadsheet. This data then allowed us to calculate other figures such as power, torque, specific fuel consumption, brake mean effective pressure and the engine’s efficiency.





















Data
Below are all of the calculated data and raw data given from the dyno test and calculated from classroom equations.
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Graphs
Below are the graphs for SFC, torque, and brake power all against engine speed
[image: A graph showing a graph of a speed
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Specific fuel consumption is a factor that plays on how efficient the car goes through fuel. As shown from the graph, the SFC varies a lot through the rev range of the engine. The SFC is at its lowest between 1400rpm and 2500rpm meaning that this is when the engine is most efficient on fuel; this is also when the mpg of the car will be at its highest. SFC varies over several factors such as the engine’s rpm’s, the air-fuel ratio of the car, the load on the engine and the engine’s thermal efficiency. 
Air – fuel ratio
The air-fuel ratio varies through the rev range of the engine, and this effects the cars SFC since it uses more or less fuel with the same load of air. Engines typically run richer in their low rev range, this is to ensure that the car can set off smoothly and run without ‘hunting’ for fuel, this explains why the SFC is at its highest. As the engine increases its rpms, the air-fuel ratio lowers and runs leaner which is why the SFC decreases as it hits peak efficiency. During high rpms, the ecu supplies the engine with a greater load of fuel which would explain the SFC increasing again.
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All engine’s torque values vary. Mainly depending on how the engine has been designed and the length of the engine’s cylinder stroke. A long stroke engine will produce more torque in low rpms since the longer strokes generate more force. A short stroke engine will do almost the opposite since they tend to be able to rev higher and generate more torque in the engine’s high rev range, these engines can burn fuel and produce power more efficiently in this rev range. As shown in the graph above the max torque of this engine is between 2000rpm and 2800 rpm but overall, the torque is higher in the low rev range meaning that this engine would have a long stroke crankshaft generating the most force from take-off rather than in the high rev range.[image: A graph showing a line of speed
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Initially, brake power increases with rpms, but as the engine reaches exceeds its optimal rpm, factors such as friction and combustion inefficiency cause brake power to drop. This is shown in the graph above as the brake power peaks at 4800rpms and then decreases as the revs continue to rise. Friction plays a big part in why brake power peaks earlier than the engines rev limit. As the engine revolves faster and faster, friction on the cylinder bore and crankshaft increases, this results in the engine being unable to produce power efficiently and results in a drop in brake power. Engines also struggle to combust as efficiently in different rev ranges, in low rpms since the engine is combusting so slowly, the air-fuel mixture may not be fully combusted and is then wasted resulting in an inefficient combustion cycle. The engine also struggles to combust efficiently at high rpms since everything is happening so quickly the efficiency of burning fuel decreases. As shown from the graph the area with the biggest gradient is between 3200rpm and 3600rpm meaning that the engine is combusting as efficiently as possible in this time, which supports this as its in the middle of the rev range and has the right amount of time to combust efficiently.

















Conclusion
In conclusion to this assignment, I have gathered information and knowledge about how a dynamometer works and how to test an engine for different values, learning how to calculate different values has also helped me gain a deeper knowledge into engines and has helped me prove my own theories by backing them up with my calculations and figures. I can now say that I’m confident in calculating an engines power or torque just from simple figures. This assignment has also helped me understand more about the effects load has on fuel consumption and how everything ties together to try and make an engine as efficient as possible.

Evaluation
Unfortunately, the dyno wasn’t working when I had the workshop session, so I wasn’t able to perform the assessment. If I was able to perform this assessment again I hope the dyno would work this time so I could see first hand how the dyno works and see the graphs portray themselves as the engine would go through its rev range, I would also like to perform the assessment in the manual way to see how the engine would respond from short bursts of throttle and how a quick burst of load would affect the engine.
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Load
Newtons
102.275
102.756
103.689
104.209
105.811
107.51
109.488
111.797
114.268
115.783
116.985
117.788
118.471
118.772
118.656
118.861
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119.934
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122.157
122.845
123.796
124.794
125.137
126.028
126.66

Dyno Speed
rpm
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300

Fuel Flow Rate
1/min
0.0704
0.0724
0.0737
0.0728
0.0744
0.07895
0.079
0.0796
0.0835
0.0847
0.08865
0.0932
0.0959
0.09875
0.10005
0.10305
0.1093
0.11415
0.11745
0.12055
0.12555
0.12785
0.1309
0.13435
0.1377
0.14105
0.14495

Lambda
Lambda
1.2658
1.26783
1.27344
1.28476
1.29181
1.29729
1.29895
1.29469
1.2855
1.27818
1.2795
1.27766
1.28235
1.29028
1.29942
1.31053
1.3149
1.31849
1.31892
1.31484
1.31653
1.32098
1.32287
1.32164
1.31652
1.30465
1.29646

torque
N/m

83.43349
83.82588
84.587
85.0112
86.31807
87.70408
89.31768
91.20131
93.21709
94.45299
95.43356
96.08862
96.6458
96.89135
96.79672
96.96395
97.55376
97.83928
98.0367
98.66648
99.65275
100.214
100.9898
101.804
102.0838
102.8106
103.3262

Baro  Humidity Ambienttemp
mBar % DegC
toiss e 27
brake power power  horsepower
kW kW bhp
8732705329 8.737406  15.88604158
9212464064 9.217423  16.75879143
97.38782998 9.744025  17.71624094
102.3251492 10.23802  18.61441001
108.4155014 10.84739  19.72233229
1147461684 11.48079  20.87397129
1215315936 12.1597  22.1083373
128.8674503 12.89368  23.44283469
136.5941121 13.66676  24.84842512
143.3481584 14.34253  26.07708288
149.8306819 14.99113  27.25634673
155.8877768 15.59717  28.35821904
161.8494972 16.19366  29.44274135
1673313564 16.74214  30.43997004
1722336252 17.23263  31.33176295
177.6056372 17.77012  32.30900885
183.7912785 18.38002  33.4342656
180.4494568 18.95514  34.46356926
194.9623106 19.50673  35.46643631
201.3782768 20.14867  36.63359244
208.6064209 20.87187  37.94849537
215.0258452 21.51416  39.11628057
221.9755929 22.20951  40.38053922
220.0928225 22.92161  41.6752652
235.0648744 23.51914  42.76166696
2421190047 24.22493  44.0449143
248.740577 24.88745  45.24947311

SFC

g/kWh
0.483439
0.471281
0.453817
0.426645
0.411528
0.412602
0.389812
0.370414
0.366583
0.354331

0.35481
0.358527
0.355324
0.353897
0.348351
0.347944
0.356626
0.361327

0.36126
0.358982
0.360916
0.356556
0.353632
0.351677
0.351288
0.349351
0.349453

energy per hour
mJ
3.0547264
3.1415084
3.1979167
3.1588648
3.2282904
3.42571945
3.427889
3.4539236
3.6231485
3.6752177
3.84661215
4.0440412
4.1611969
4.28486125
4.34126955
4.47144255
4.7426363
4.95308265
5.09627295
5.23078505
5.44774005
5.54753935
5.6798819
5.82958085
5.9749407
6.12030055
6.28952545

mechanical energy
mJ

0.314546618
0.331827229
0.35078491
0.368568827
0.390505897
0.413308566
0.437749246
0.464172546
0.492003501
0.516331157
0.539680803
0.561498083
0.582971829
0.602717145
0.620374812
0.639724466
0.662004761
0.682385168
0.702242124
0.725352036
0.751387362
0.774509729
0.799542288
0.825178107
0.846689066
0.872097606
0.895948097

engine efficiency
%
10.29704716
10.56267204
10.96916972
11.66776201
12.09636832
12.06486907
12.77022815
13.43899286
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14.04899515
14.03002908
13.88457869
14.00971506
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13.95858167
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13.86698228
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13.96132015
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BMEP
kPa
0.715744
0.71911
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0.799674
0.810276
0.818688
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0.831817
0.836876
0.839326
0.841019
0.846422
0.854883
0.859697
0.866353
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0.875737
0.881973
0.886396
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