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[bookmark: _Toc30456707][image: ]2.0 Introduction
[bookmark: _Toc30456708]2.1 Aim
The aim of this investigation is to test a running engine with a dynamometer to attain raw data of the engines load, speed and its fuel consumption rate whilst the throttle is opened to 100%. This test will be done as a group task and then the data recorded will then be computed into a spreadsheet so that the following can be calculated;
· Power
·  (
Figure 
1
. Engine Dyno
)Torque
· BMEP(Brake Mean Effective Pressure )
· SFC( Specific Fuel Consumption )
· Overall Thermal Efficiency
[bookmark: _Toc30456709]2.2 Background
 (
Figure 
2
. Engine Dyno arm
)[image: ]An Eddy-Current Dynamometer W Series, was used during this investigation (Dadt, 2001). It is a measuring device used to measure the force, torque and power that is produced by an engine or a motor. The engine drives the dyno and the power then it is transferred into heat energy to takes its readings. It simulates specific road conditions such as driving up an incline and if the vehicle is more laden. There are two lever arms (shown in figure 2) which weights are placed on to act as the load on the engine. A combustion engine is attached to the dyno which absorbs the power energy into heat energy. The test will be carried out behind an observation desk in a room adjacent to the dyno room, the nature of this test can be dangerous so a safe distance must be maintained so that it can be observed.
The engine that was used during this experiment is the D16A 2001 Honda 1.6L SOHC (Single Overhead Cam) sixteen valve. It is a four cylinder inline consisting of an all alloy construction. It can commonly be found on the Honda Civic model and similar sized vehicles within the Honda range and was shared in a joint platform venture with Rover and can be found in 400 series.
(Honda D16a (B, V, W, Y, Z) Engine Review, 2019)

[bookmark: _Toc30456710]3.0 Experimental Procedure 
[bookmark: _Toc30456711]3.1 Set up
The engine dyno was set up for the group before the experiment started, it was in position and one cable was connected from the dyno to the computer. Two arms were connected to the dyno with a weight of 25.42kg was attached to calibrate it so that the torque can be measured. The group was then led to an observation room and the door was closed firmly with an alarm set on it, this is so that if it is opened during the use of the engine dyno it would be switched off straight away so that the emissions from the room would not be inhaled by anyone. An extractor is also used so that the gases were passed through to the outside. 
Two different tests were carried out by the dyno, the first was the step test and the second is the sweep test. Both of these tests will be performed to analyse the difference between them both.
[bookmark: _Toc30456712]3.2 Testing
The dyno was switched on and the group then took it in turns to turn the dials which changed the RPM and the load on the engine.
The step test is carried out in increments set up at the start of testing so that the data can be recorded at each point that was set. The advantage of this method is that it gives a better resolution of data as it stops at each interval so that the tester can read the information given, another advantage is that the results are more accurate. It also allows data to be gathered on a specific range of engine speed such as 3000rpm to 5500rpm which is useful to identify when the engine is at its power band. A disadvantage of this test is that being as the engine has to pause at each increment the engine will be more prone to overheating, causing an increased risk of damage, it also requires you to allow time for the engine to cool between calculations.
The sweep test is the other test that was performed which sweeps straight through from a predetermined low RPM and low loads to high RPM and high load. One advantage of this test is that the system does not overheat like the step test does. It can also give a more realistic simulation as it not normal to rev your car at intervals and would be very difficult to achieve with a foot pedal, it is generally a more representative test for an actual driving scenario. One disadvantage of this method of testing is that there is less resolution of data, there is less time for the operator to observe the test due to the speed of which the engine will complete the sweep.
During the step test, a computer was used to set the parameters. The test was set-up to log information at every 50RPM increments, starting from 1000rpm to 5500rpm. The system regulates the spark and fuel to consistently allow the engine to build speed at the desired increments.
[bookmark: _Toc30456713]3.3 Mathematical
Once the data was collected from the dynamometer it was interpreted into an Excel Spreadsheet so that other information could be calculated by using different formulas to determined values that were unknown. In order to calculate the Brake Thermal Efficiency, the Calorific Value was researched and found to be 47300 KJ Kg (Shell Telephone Call, 2020).
 (
Figure 
3
. Results part 1
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Figure 
4
. Results part 3
)[image: ]4.0 Results
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Figure 
5
. Results part 2
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[bookmark: _Toc30456715]5.0 Analysis
[bookmark: _Toc30456716]5.1 Formula
In order to work out the figures needed, the results from the experiment were used with the following calculations;
· To calculate Torque - T=WR
· To calculate Brake Power - 
· To calculate Correct Power for Temperature and Pressure - 

· To calculate the SFC - 

· To calculate the piston area of the engine

· To calculate the BMEP  this formula is rearranged

· To calculate the Brake Thermal Efficiency - 

By using these results the data that is calculated is accurate as it can be with the current technology available.
[bookmark: _Toc30456717]5.2 Key
T = Torque						(t) = Time
W = Load						A = Piston area
R = Radius						(d) = Diameter
N = RPM						B.M.E.P = Brake Mean Effective Pressure
BP = Brake Power					L = Stroke
Ps = Correct Power					(n) = Number of Cylinders
Pa = Pressure						C.V = Calorific Value
Ta = Temperature 
S.F.C = Specific Fuel Consumption
V = Volume


[bookmark: _Toc30456718]5.3 Graphical Data
[image: ] (
Figure 
6
. S
FC vs Engine Speed
)The engine dyno starts recording at 1000RPM, at this point the SFC is at its highest, this is because an engine is throwing a lot of fuel into the engine in order to start it, also the load that the dyno is emitting is harder to push at such a low RPM. The engine speeds up and the SFC drops slowly until about 2500RPM where its starts steadily increasing again all the way until the highest RPM in the experiment, this is because the engine requires more fuel as it is running faster and the vehicle would be travelling much faster during this one gear.
 (
Figure 
7
. Torque vs Engine Speed
)[image: ]
[image: ]In the graph produced of Torque against Engine Speed the test shows that as the RPM is increased on the engine the torque increases until it reaches its peak and then drops back down. It is started from 1000RPM and the torque is just below 90Nm as when this engine is started the torque starts off low and as the speed of the engine starts to increase the torque follows it. 

 (
Figure 
8
. Brake Power vs Engine Speed
)Brake Power rises at the same pace as RPM, until the peak where it slowly drops, this is because the faster this engine revs the more power it produces. This is a typical characteristic of passenger type vehicles.
[bookmark: _Toc30456719][image: ] (
Figure 
9
. Calculations
)[image: ]5.4 Calculations/ Spreadsheet
[bookmark: _Toc30456720]6.0 Conclusion
During this study raw data was collected by using the engine dyno to obtain the load, speed, and the fuel consumption rate whilst at WOT (Wide Open Throttle). The data was entered into a spreadsheet and then other figures were calculated by using different formulas. 
The technician split the class into small groups and set out a brief explanation and direction of the task and how it was to be performed. During the task he supervised and rectified minor mistakes this helped to ensure clarity of the goals of the tests and expected outcomes.


























[bookmark: _Toc30456721]7.0 Evaluation
At the start of the test it was expected that the engine would run richer than thought as usually an engine management system overfuels when the engine is cold to increase the temperature more effectively to reach optimum fuel efficiency at a faster rate. This is not present in the study as shown by the graphs created (in figure 6). The temperature of the engine is not recorded during the tests this is a parameter that should be consulted to ensure fair testing.
If the test was to be performed again it should be observed that the engine has reached peak operating temperature.
Also, the test was only performed once which could have possibly not given us very accurate results being as the group was not sure what to expect. Looking at the graph that was made for torque against engine speed there could potentially be an error for torque at engine speed of 1050RPM because it drops for one step and then raises continuously for the rest.





















[bookmark: _Toc30456722]8.0 Further Study
For this study the engine dyno was in very good condition, it has been well maintained and was purchased recently so is still considered to be of good calibration. The engine that was used could have been improved by being rebuilt and multiple parts of the engine serviced so that it is in the best condition possible, or acquiring a new engine that has done less miles so that it would not have been as worn. Before the test the engine could be left on and running for enough time to warm up first so that the results are as accurate as possible. The test could be completed three times and the figures could be averaged out so that the most accurate results are taken.
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1 Boro  Humigity  Ambient temp.

2 102235 EE)

5| load  Radius Torque Engine Speed Brake power Corrected power Fuel Flow Rate Fuel low Rate Fuel FlowRate  SFC Lambda Pressue L  Pistonarea Cylinders Ambianttemp Presswe  BMEP  Therma effcency

4| Newons  m  Nm m w w Ymin kg/min Kgs/hr KG/kwhowr lambda Mbar Stoke A n < mBar [ AT

510525393 08168 G69%63%5 1000 S110451  SO7A0ES 00704 00528 3166 034773251 1269 102435 0075 000441786 4 % 102035 412636853 2186749519

6 | 105566615 08168 854358333 1050 950411626 SéE082316 00726 o053 525 0347%84 12662 102435 0075 00041786 4 % 102035 09769876 2220250723

7|10s3sses2 08les E70sio0s1 1100 10031115 S9E9sI002 00737 00s275 33165 033062126 1267 10435 0075 000441786 4 % 102035 412632735 2302027902

5107170613 08168 Er7Sise8 1150 105674305 1052602847 00728 0055 5276 031000914 12667 102435 0075 000441786 4 % 10035 415995993 2255086892

5108712052 08168 E0USSI 1200 1155767 111306391 00724 00558 5386 029931403 1266 102435 0075 000441786 4 % 102035 42182773 2542812026

10| 110221626 08168 902474268 1250 118133605 117648424 007695 | 00592125 | 355275 | 030074 | 1265 102435 0075 000441786 4 % 102035 aE96s 2530755301

1| 11183869 08188 S1S712871 1300 1466119 1261452053 0079 005225 5555 028517294 12633 102435 0075 000441786 4 % 102035 434115731 2666904561

12| 113158301 08188 S265175% 130 130983331 13045372 00796 00587 558 027346991 12518 102435 0075 000441786 4 % 102035 a32r0a 2783119215

13|100125276 08168 S34418545 1400 13692904 136430071 00835 QOG22 37575 027428426 126 102435 0075 000441786 4 % 10035 442063607 2772856168

14|114330406 08168 541059929 1450 14289397 142307085 00847 006325 3815 026673626 12587 102435 0075 000441786 4 % 10035 13211 2853378189

15|116345633 08168 952621376 1500 149637415 140228450 O0BESS  OOGGMET 398905 026633442 12566 102435 0075 000441786 4 % 10035 45161309 2854896084

16| 117500708 08188 962831077 1550 15629263 16503614 00832 00539 4106 026636342 12561 102435 0075 000441786 4 % 102035 45568169 2636288553

17|11851505¢ 08188 S70577S62 1600 162568321 1615205617 0035 | 0071525 | 43155 026542497 12521 102435 0075 000441786 4 % 10035 46003088 286747t6s

15|118835732 08188 S7300302 1650 168122684 167432384 00975 00740625 444375 026431559 125 102435 0075 000441786 4 % 10035 46127559 2679509885

19|119017399 08188 S7.4430663 1700 17348232 1727688186 010005 | 0070375 45025 02535212 1247 102435 0075 000441786 4 % 10035 461960759 2932695514

20| 11952025¢ 08188 E1ss07e 1750 179953033 1790139553 00305 0077875 | 46325 05769024 12455 102635 0075 000441785 & % 102035 465520391 2953520707

21120703535 08188 98834528 1800 19296743 185533603 01093 O0I7S | 45185 026400164 12435 102635 0075 000441785 & % 10035 sesseasel 2882827185

22| 12105719 08188 991028376 1850 191593461 191204338 011415 OGBSI | 513675 026754817 12415 102635 0075 000441785 & % 10035 469620851 28.44718%1

23| 114sease 08188 994559341 1900 19788502  19707.2953 0745 OOBM0STS | 528525 026708652 12367 102635 0075 000441785 & % 1035 471096799 2649631775

21207179 08188 999997 1950 204101318 203263058 01055 00904125 | 542475 026576712 1238 102435 0075 00041785 & % 102035 er3E67e 2863567552

25| 122953171 08188 100671597 2000 2108451 208980143 01555 00941625 564975 026795611 12361 102635 0075 00041785 & % 102035 asises 2840388215

2| 12628197 08188 101739592 2050 | 21845291 2075557117 01785 O0SEETS | 575325 026336339 12339 102635 0075 000441785 & % 102035 sm2e1sea2 2880920851

27| 1567083 08188 102896767 2100 26281808 2253526559 01309 O09EI’S | 5605 026031639 12068 102635 0075 000441785 & % 102035 4E7E06893 2923740609

26| 15346715 08188 103451604 2150 23905124 2319625115 013435 01007625 | 604575 025956435 12227 102635 0075 00041785 & % 102035 soesalss 2932218458

25| 15750791 08188 103781013 200 2390942  2EILBISS 0137 010275 | 61965 05916554 12161 102635 0075 00041785 & % 102035 491308876 2936730609

30| 127447065 08188 10435106 2250 245671501 2048616925 014105 01057675 634725 025615314 12085 102635 0075 00041785 & % 102035 4sa70153 2048207559

31| 1752881 08188 10475556 2300 228532 51292113 014435 01087125 | 652075 025854651 12032 102635 0075 00041785 & % 10035 406571515 294376189

32| 127960266 08188 10477867 2350 257651335 256792325 014985 0112375 | 674325 026151637 11995 102435 0075 00041785 & % 10035 4o67285% 291032685

33| 178815 08188 104788712 200 263362759 262281117 0157 011275 | 65165 026262255 11961 102635 0075 000441785 & % 102035 496775118 2826073146

34| 12759625 08188 104800757 250 268680365 677IS07E 0565 OLI6TSTS | 700425 026049688 11929 102635 0075 000441785 & % 102035 sseenany 2021721673

35| 1816785 08188 108341273 2500 273509 2736072564 015% 01187 7182 026141497 1191 102435 0075 000441786 4 % 102035 45799356 2911460565

36| 18Esi08e 08188 10550232 2550 217269 Z05TAs 01626 012195 7317 025971809 118 102435 0075 000441786 4 % 102035 500159205 293082715

37 19142385 08188 10573200 2600 267697567 E7L5IS2 016805 01260575 | 75625 026267155 11863 102635 0075 000441785 & % 102035 501282143 2887532553

38| 12937651 08188 105930506 2650 293966051 2927587155 0175 0185875 | 771525 02625378 11824 102635 0075 000441785 & % 10035 502190961 289993661

39| 12928213 08188 10585322 2700 29294065 2960648477 017465 01309875 | 785925 02625981 11763 102635 0075 000441785 & % 102035 01826578 2626400271

40| 129055351 08188 10565796 2750 306301823 3030520383 01784 01338 5026 026381702 11739 102435 0075 000441786 4 % 10035 50086631 2884951726

41| 19080222 08188 105662022 2800 30915869 0ES474211 018005 0130575 | 610225 026151485 11668 102635 0075 00041785 & % 102035 500920515 291034843

42| 1o2sessl 08188 105855628 2850 315627505 3146299726 01831 0137325 | 82395  060B035 11sé1 102635 0075 00041785 & % 102035 501834095 2918286567

43| 1SaET0 08188 1055805 200 363423 31SSLE0STL 01875 0140925 | 4555 026371118 119 102635 0075 00041785 & % 102035 50053034 2686110063

44| 18507 08188 105221301 2950 3053031 32718072 015055 01444125 | BGATS 026656415 11561 102635 0075 00041785 & % 102035 asee26507 2855220302

45| 18583407 08188 105281522 3000 330751655 3293932395 0198 016825 8955 0270763 11633 102435 0075 000441786 4 % 102035 499112399 2811109716

46| 1851190 08188 10550503 300 337123305 337736 020605 0145375 | 927225 07504031 11449 102635 0075 000441785 & % 102035 50037598 2767228473

47| 1857737 08188 105620767 3100 342678007 3M6S767 021005 01575 | 945225 07567385 11402 102635 0075 00041785 & % 102035 500720674 27.60868%33

48| 120470907 08188 10600813 3150 349686277 3462500957 021805 0160575 | 972025 07802778 11355 102635 0075 000441785 & % 102035 s02557.36 273749303 =
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49| 1o6ssa2s 0818 10518363 300 3SE25eés 3543640492 02179 01634625 | 980775 0756375 11312 102635 0075 000441785 & % 102035 50339003 2761270628
50| 19847257 08188 105316321 3250 36183612  3N03.00386 022305 01672875 | 1005725 07736768 11263 102635 0075 00041785 & % 102035 504018113 27.43712087
51| Lof0lel 08188 10635145 300 367524225 3B60L4TE 02255 016925 | 101475 07610425 1122 102635 0075 000441785 & % 10035 04184651 275656522
52| Logilese 08188 105287214 330 32867429 VUS43 0285 017135 | 102825 077685 1118 102635 0075 000441785 & % 102035 503880125 27.56923769
53130057241 08188 105471692 3400 3090155 77506 0232 01755 | 10539 027800775 11141 102635 0075 00041785 & % 102035 50475563 2737681212
54| 13031187 08188 105696717 3450 385477267 3838940901 023605 01770575 | 1062225 | 0275561 L1l 102635 0075 00041785 & % 102035 05621475 2761999609
55| 130185566 08183 10559333 3500  3906B4968 380008 024135 01814625 108775  0786E3 11056 102635 0075 000441785 & % 102035 505331379 273105184
56| 13040253 08188 10677099 3550 396006634 3952054335 024565 01840875 | 1104525 07626931 1102 102635 0075 000441785 & % 102035 0617358 2735117883
57130363311 08185 1057367 3600  A0296068 007430 025505 01912875 | 1147725 028522072 10968 102635 0075 000441785 & % 102035 0502132 2666438798
55130190695 08188 105598356 3650 407447812 405774009 025755 01931625 | 115975 028444767 10951 102635 0075 000441785 & % 102035 5053517 2675711461
59| 19577175 08188 105420711 300 | 41234873 410655108 026ed5 01983375 | 1150025 028859674 10917 102635 0075 000441785 & % 102035 504520884 2637241715
60| 19535676 08185 105061385 3750 41602084 414794856 02651 0196825 | 119095 028642114 10868 102635 0075 000441785 & % 102035 02809528 2657273753
61| 18SeE3l7 08188 105596670 3800 420206207 4184604053 02693 0201975 | 121185 02883911 10856 102635 0075 000441785 & % 10035 500606477 263909¢65
62| 18503726 08188 105216282 S0 4220157 42459772 027375 0205325 | 1231675 029039848 10824 102635 0075 00041785 & % 102035 4s8E03115 2620879262
63| 18105333 08185 104890085 300 428378435 4266191204 02759 0206925 | 124155 028982567 10795 102635 0075 000441785 & % 10035 4672566% 262606088
6| 1277201 08188 10457793 3950 43257937 40807292 026285 02121375 | 1272625 028424081 10768 102635 0075 000441785 & % 10035 4o57i6Ee 258665468
65| 15S11s 0818 103520525 4000 435301277 433513705 026455 02134125 | 1260475 08415834 10739 102635 0075 000441785 & % 102035 4s2660267 2587379888
66| 105246201 08185 103369502 4050 438405572 4366050159 02671 0215325 | 129195  0.846888 10715 102435 0075 000441785 & % 10035 4008801 258268665
67| 15733353 08188 10234795 4100 44008068 4401927156 026895 02167125 | 1500275 028417449 10665 102635 0075 00041785 & % 10235 sss0dese 2587237777
66| 15454 08188 10272614 4150 446434434 4445003025 029305 02197875 | 1318725 029539052 10663 102635 0075 000441785 & % 102035 86007998 257658665
69| 15401153 08188 102675956 400 45159264 a4S77IéS 0296 0221175 | 132705 02938601 10646 102635 0075 00041785 & % 102035 485760087 2520005801
70| 126581915 08188 102332696 4250 45544083 4535703089 029715 0206625 | 1337075 09360015 10626 102635 0075 000441785 & % 102035 sss132775 2582088801
71| 1752680 08188 102145007 4300 459953803 4560647471 0302 020665 | 13599 09566013 10507 102635 0075 000441785 & % 102035 sea2e29% 257423723
72| 126160515 08188 101660227 4350 46093761 4611918291 00605 0295375 | 1577225 09739657 10563 102635 0075 000441785 & % 102035 e1sa770 255920688
73| 12677687 08188 100691671 400 43053913 sc204seE2 | 0302 02319 1351 029990048 10583 102435 0075 000441786 4 % 102035 477353106 2557839795
74| 122280803 08188 100121076 4450 eG6S67129 464650911 03099 0232425 | 139455 0988959 10573 102435 0075 000441785 & % 102035 476628055 2546369407
75| 12011311 08188 9963772 4500 471152425 4650273346 031e45 0265 | 1415025 030032637 10563 102635 0075 00041785 & % 10235 473097142 2534200902
76| 1215815 08188 Soses7a 4550 47432iose 472375602 03171 023785 | 142695 03006387 10555 102435 0075 000441785 & % 102035 a7isnem 2520925087
77| 10960217 08188 9203905 4600  &7IBSS7 4751260993 03194 023955 | 14373 030126674 10545 102635 0075 00041785 & % 102035 469520085 2526330509
75| 119513604 08188 981628603 4650  47R09E36  76134TI95 03205 02404125 | 1642675 030171033 1052 102635 0075 00041785 & % 10035 sesesocss 2522611178
79| 11920233 08188 976332625 400 40534075 476604930 03207 0240525 | 144315 03003221 10538 102635 0075 00041785 & % 102035 ceams3me 253076959
50| 11804678 08188 965543487 4750 480776937 476802386 032485 02436375 | 1461625 030405473 10533 102635 0075 00041785 & % 102035 458213209 2503165712
51| 116562921 08188 95439381 4800 479730689 4777604079 032455 02434125 | 1660475 030443663 10529 102635 0075 000441785 & % 102035 4526339 2500027208
52| 115096326 08188 0423911 4850 478631127 47666531¢ 03257 0264275 | 146565 030520703 10529 102635 0075 00041785 & % 102035 sa5762577 2685490034
53| 113500767 08188 93760458 4900 478624389 4766586515 03277 0245775 | 147465 030810073 10527 102635 0075 00041785 & % 10035 42197551 267028505
54| 112021965 08188 92088404 4950 477166935 4751872657 032845 02463975 | 1478025 030976307 10525 102635 0075 000441785 & % 102035 a3eeesE 257037125
85| 11085071 08188 078607 5000 47535513 473086087 03287 026525 | 147915 031116478 10523 102635 0075 000441785 & % 102035 430397191 2045969215
| 10943361 0818 85020574 00  47AERS 471007126 032985 0247375 | 1684305 031324995 10523 102635 0075 00041785 & % 102035 424760126 2429687033
57| 107641387 08188 8820712 5100 471575774 46S6LENESE 03297 0247275 | 14835 03146154 10521 102635 0075 000441785 & % 102035 4150966 2019142133
55| 10601682 08183 868050906 5150  4GSIS1N07 466228336 033035 02482125 1a89275 03181184 10518 102635 0075 000441785 & % 102035 enls2sie 2382503134
59 105716593 08188 89210721 500 4231521 405322891 033 02503 | 1021 032482667 10515 102635 0075 00041785 & % 102035 0256876 2343035251
0| 10079002 0siss s sese2s 20 452347 456352 03313 0248475 | 145085 032535435 10508 102635 0075 000441785 & % 10035 39512601 2330083669 1
91100607521 08188 B373252 500 45719575 4ssILiserr 033 02633 16558 032716641 10508 102435 0075 000441786 4 % 102035 39052053 2326922887
92|50060595 08188 SLEOIEN3 530 456295063 4SGALI0IEL 03308 o281 16885 032681263 10504 102435 0075 000441786 4 % 102035 01222 2343136519
93903666138 08188 1359396 500 460076545 4SE18sSES2 | 0338 02561 15265 0331394 105 102435 0075 00041786 4 % 10035 365703808 229675959
54|0E38607 08188 B05260365 5450 49580362 4576026195 03438 025785 | 171 03632 105 102435 0075 000441785 & % 102035 ewsi0R2 2260915951
95970062787 08188 79426800 5500 457465533 4ssseseds7 | 03488 02516 1569 03310782 105 102435 0075 00041786 4 % 102035 751871 2218051517
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