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[bookmark: _Toc130455907]i. Nomenclature
· RPM – Revolutions Per Minute, the rate at which an object is spinning about a normal axis.
· Sweep Test – A smooth increase in engine load/speed with time from idle to maximum governed engine speed.
· Ideal cycle – no losses within the engine, drivetrain or dynamometer system.
· Rev range – Engine speed  minimum to maximum in RPM
·  = Ideal power output (KW)
·  = Fluid flow (L/s)
·  = Weight of fuel compared to water of equal volume (Kg/L)
· = “Amount of liberated per unit weight” (Plint & Martyr, 1995) (J/Kg)
· τ = Torque (N.m)
· F = Force (N)
· d  = Distance (m)
	


2
[bookmark: _Toc130455908]1. Introduction
This report will gather data from an engine dynamometer session on a Honda four-cylinder 4 stroke engine. The data will be used to generate accurate calculations of engine parameters. The values will be used to understand quality of the engines performance and summarise its ideal working environment. An analysis will be made where the data and findings will be able to prove where the engine may or may not be optimum.  Improvements based on the findings will be suggested.


[bookmark: _Toc130455909]2. Testing
[bookmark: _Toc130455910]2.1. Equipment Used
A dynamometer was used to acquire quantitative data of engine performance during its operation. The dynamometer uses a series of sensors to monitor engine parameters at various engine speeds. The engine speed is measured using a tachometer. The ability to know the engine speed allows calculations to be made at various stages of the rev range during the test.
 To acquire the torque from the engine, an equal force in the opposing direction is applied. Once the difference between the engine force output and the torque being applied by the dynamometer is zero, then the system is in equilibrium, and therefore engine torque output is the same as the applied torque by the dynamometer. The force is measured from two load cells mounted on arms at a calibrated distance from centre.
By definition,

Equation 1 – Torque equation
Torque can be calculated from the dyno given we know the distance that the resistance force is being applied from centre.
[image: ]
Figure 1 – Load cell distance from centre


A fuel from sensor was used during the experiment to monitor how much liquid fuel was being sent to the engine. The maximum power in an ‘ideal cycle’ can be calculated by considering the calorific value of the fuel.
Therefore, the maximum power output of the engine in an ideal cycle can be defines as,

Equation 2 – Calorific Potential Energy
A Lambda sensor “determines the remaining content in the exhaust emission” (Hella.com, n.d.). The Lambda reading about 1, this value can be used to understand how well optimised the engine is combusting.
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Figure 2 – Data gauges and manual input board for engine control


[bookmark: _Toc130455911]2.2. Testing Method
1. The engine was preloaded into the dynamometer.
2. The driveshaft was connected to a load cell unit.
3. The arms on the load cell were installed.
4. The arm lengths were then accurately measured.
5. All connectors and sensors were double checked.
6. The dials on the input control panel were set to zero, and the engine was started.
7. The engine speed was increased and tested for correct functionality.
8. The engine was left at a set engine speed and a brake load was applied to the dynamometer to check for correct functionality.
9. The dials were then turned back to zero and idle.
10. The engine throttle dial was then slowly turned to increase the engine speed till 5500RPM.
11. The brake load was applied.
12. Throttle dial was increased as the brake force was increased until the throttle showed maximum opening.
13. Here, the forces are in equilibrium and the maximum power of the engine has been reached.
14. The throttle was wound back to idle, and a series of sweet tests were conducted.
15. Data was gathered from the sweep tests in the form of an excel data spreadsheet.

[bookmark: _Toc130455912]3. Results
[bookmark: _Toc130455913]3.1. Raw Data
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Figure 3 – RAW data gathered from the dynamometer at 50RPM intervals throughout a rev range of 1000RPM – 5500RPM.
Lever arm length - 815.77mm
Ambient temperature – 27oC
Atmospheric pressure – 1018.9Millibar
Humidity – 48%
Mass of air – 1.0189 Kg/m3
Specific gravity of Unleaded fuel – 0.75Kg/Litre (Sunoco, 2018)
Calorific value of unleaded fuel – 44MJ (world-nuclear.org, n.d.)
Engine capacity – 1600cc
Piston bore diameter – 75mm
Piston stroke length -90mm


[bookmark: _Toc130455914]3.2. Findings
3.2.1. Fuel Consumption

Table 1 – Engine fuel consumption against engine speed
With a baseline idle of 1000RPM, the engine has a high rate (>80%) of fuel burn compared to other areas within the curve. At idle, the engine is not working at its optimal temperature for combustion resulting in a higher specific fuel consumption. Research from Knauder supports this thesis where “The most significant increase ‘in SFC’ could be observed at the lowest investigated engine speed of 1000 rpm.” (Knauder, et al., 2019). The engine burns less fuel between 1500rpm to 2400rpm. At this point a gradual exponential increase in fuel consumption occurs between 2500RPM to 5500RPM, where the engine is having to use more fuel to overcome the increase in friction. It has been stated that “the impact of heat losses on bsfc is about one-third” (Haywood, 2018). Given the prior, the increase in friction found in this rev range is attributed to the increase in engine temperature and increase in surface friction cycles per unit time.



3.2.2. Torque
Table 2 - Torque output against engine speed
The torque output curve is generally flat, with a variation of only 30% between peak torque a minimum torque, with peak torque occurring at 2350RPM, and staying consistent (within 10%) until 3900RPM. The initial torque of the curve is lower than the mid-range, as the engine isn’t transmitting all the piston pressure to kinetic energy. This is due to the longer piston cycle time, allowing more energy to be lost to heat through cylinder walls. There is a gradual and decline in torque from 3600RPM to 5500RPM as engine speed increases. From equation 1, as the crankshaft rotates, the “distance” changes, therefore, the time spent between TDC, 90o and BDC, is degreasing while engine speed increases. With less time in this rotational phase, there is less time for the torque to be converted into kinetic energy.

3.2.3. Brake Power
Table 3 - Power output against engine speed
The power delivery is very linear throughout the initial 2/3 of the power curve, between idle and 3950RPM. From 3950RPM onwards, the power delivery begins to decrease in relation to the engine speed, achieving peak power of 44KW at 4650PRM. Within this rev range, the frictional and thermal resistance forces are increasing. This alone will cause a decrease in power curve gradient. In addition to this, the engine is not making the most of the combustion phase of the cycle, whereby the pressure within the cylinder is not being converted fully to kinetic energy, and some of the pressure is being lost within the exhaust phase of the cycle. This aligns with the data gathered from the torque curve, as the torque and power curve gradients decrease at similar points as seen in table 4. Furthermore, ”the valvetrain alone is responsible for 10 − 20% of the overall friction losses in the engine “ (Sordo, et al., 2021), indicating an increasing friction loss (and resulting power) when engine revs increase.

3.2.4. Combined Power Delivery

Table 4 - Torque/Power curve

3.2.5. Lambda Consideration

Table 5 - Lambda against Power output
Lambda is a measurement of the stoichiometric burn efficiency in the engine. This value can be used to determine where changes can be made to the fuelling of the engine to achieve optimum performance.

[bookmark: _Toc130455915]4. Conclusion
Given graphs seen in table 1 and table 4, the engine would be a suitable engine for a city, or commuting vehicle. It provides a flat and wide banded amount of torque that enables a relaxed drivability for a wide variety of driving scenarios. The engines low power makes it unsuitable for high performance application. The efficiency of the engine was between 21.7% - 31.3% which is expected, as similar engines return 25% - 30% (International, n.d.). 
Given that the Lambda figures were consistently above factor 1, the engine did not have enough fuel in the combustion chamber. The engine could produce more power, as the calorific value per stroke would be greater, resulting in higher MEP. 
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Figure 4 - Air Fuel ratio graph (Plint & Martyr, 1995)
Given the other attributes of the engine, and the former application recommendations for this engine, it is being used optimally, where AFR is around 14.7:1, minimum consumption.

[bookmark: _Toc130455916]5. Evaluation
The experiment was positively conducted returning consistent data. The data shows that humidity was at 46% for the test, and the ambient temperature was higher than ideal at 27oC. Both factors could greatly impact the results, and the outcome of the overall conclusion.
The experiment could have been conducted at a range of different temperatures to see how that variable would affect the results. Furthermore, the test could be conducted using an air feed system whereby the air can be filtered to 0% humidity, resulting in the most optimum and accurate results for the given engine. 
I feel that my personal performance was adequate. I was keen to test the engine using the dynamometer controls and found a good feel for the characteristics of the engine while doing so. I feel that I could have asked more questions about the dynamometer and its setup, as I had never used a similar setup before.
To improve the experiment, more data could have been gathered from the engine. This might have allowed easier calculation of some of the parameters and allowed for greater understanding of the engine. Taking the exhaust temperature, for example, might have allowed a more conclusive evaluation to the low RPM SFC compared to optimum temperatures at mid RPM.
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Fuel Consumption across the rev range

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	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	0.36259071173741181	0.35347245881708056	0.34037340600109045	0.31999398469675061	0.30865575185387828	0.30946159766749087	0.29236859466084314	0.27781945397823676	0.27494594413250945	0.2657566335733984	0.26611588874520359	0.26890363338690254	0.26650175545950677	0.26543158128723265	0.26127145972183224	0.26096608573204061	0.26747801068072363	0.27100379523157481	0.27095375834477775	0.26924485677409304	0.2706960176772788	0.26742554560469289	0.26523280812874783	0.26376611909701486	0.26347476401470177	0.26202156241350033	0.26209842057236332	0.26485476522473073	0.26627708471897721	0.26444023320617271	0.2659676185549541	0.26607270146430945	0.26986934190322037	0.27080847546717746	0.27278321553625184	0.2757463189498478	0.2738530107165752	0.27427141281375866	0.27857288546012421	0.28219922326802505	0.28709301845759605	0.2938053260946959	0.29467567795541172	0.29895579230046126	0.29750036014272446	0.29917248848780459	0.29593388239729435	0.29407034151666867	0.29515693883908684	0.29189010901332502	0.29502403203664113	0.2932304778426178	0.30080396086359085	0.29983070244462168	0.30407596185073077	0.3008756903209745	0.30225093655352986	0.3053243606118059	0.30505787367240034	0.31126286307511497	0.3122600178529103	0.31449704867994205	0.31610321097755478	0.31928697885086998	0.31903578874304916	0.32016517194401278	0.32362916425928956	0.32505049376425266	0.32507769977227774	0.32183062271715213	0.3248625740239155	0.32466509037721131	0.32599961043694103	0.32696009631600165	0.32683498149717477	0.33155611811379937	0.33263024902322758	0.3361310904683722	0.33993821178963374	0.34154928242667798	0.3425044943160358	0.34643694846210371	0.34897537710041432	0.35316925275201289	0.35667530202358794	0.35705667061544105	0.35992325149558874	0.3595230554604163	0.36870064274834136	0.37367674373910864	0.37684372518137677	Engine Speed (RPM)


Fuel Consumption (Kg/KW.h)



Engine torque across the rev range 
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Brake power across rev range
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Torque and brake power across the rev range

Torque	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	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	83.433388125000008	83.825775899999996	84.586893974999995	85.011096975000001	86.317968525000012	87.703970250000012	89.317573199999998	91.201197675000003	93.216977700000001	94.452876825000004	95.433438375000009	96.088505699999999	96.645680025000004	96.891228300000009	96.796598400000008	96.963832275000001	97.553637600000002	97.839158850000004	98.036576400000001	98.666354699999999	99.652626675000008	100.213879875	100.98968190000001	101.80382535	102.08363617500001	102.81049170000001	103.32606149999999	103.45821705	103.35053475000001	103.2379578	103.14495945	102.98262022500001	102.918989775	102.66283642499999	101.899271025	101.09654842500001	100.902393975	100.657661475	99.947937225000004	99.391578675000005	99.28715947500001	98.809115325000008	98.8099311	98.587224524999996	98.379201900000012	98.578251000000009	99.225160575000004	99.672205274999996	100.285668075	100.727818125	100.6894767	101.323333875	101.20994115000001	101.129179425	101.00518162500001	100.966024425	100.755554475	100.07275079999999	99.652626675000008	98.8588776	97.896263100000013	96.860228849999999	95.806247549999995	95.037787500000007	94.573611525000004	93.841861350000002	93.317318025000006	93.011402400000009	92.893115025	92.986113375000002	92.432202149999995	92.242942350000007	91.525876124999996	90.600787275000002	89.713224074999999	88.637216850000002	87.349923899999993	85.852160999999995	84.540394800000001	83.482334624999993	82.479747149999994	81.018612547499998	79.604548162500009	78.190891665000009	77.3381620575	75.946694640000004	74.878845165000001	73.90415719500001	73.123949984999996	72.543281340000007	72.316332735000003	Brake Power	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	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	8.737123973253528	9.2171254612116513	9.7437107057340864	10.237692446326996	10.847035831637401	11.48042285950241	12.15930871140217	12.893265567646674	13.666322708834299	14.342069090619011	14.990649445285714	15.59666541941295	16.193139112945591	16.741602406351433	17.232077337468887	17.769550349778086	18.38842747290726	18.954531598388161	19.506095919417849	20.14801718033031	20.871197324873751	21.513464568207052	22.208790992178709	22.920874070927717	23.51838144033497	24.224151407750583	24.88664367284548	25.460180013292632	25.974822457214131	26.487081466680934	27.003287238578093	27.500002667434451	28.021893656641993	28.489691789336572	28.811340113246576	29.113715934899272	29.586127166538407	30.04141013265189	30.352918181659668	30.704372250417077	31.191981080245824	31.559162399293875	32.076790543365604	32.520694532082487	32.967186981873823	33.550043490744159	34.289753906505631	34.966123910925447	35.706428049606636	36.391263944867305	36.904620701027412	37.667469225106224	38.155248910451441	38.654313602659187	39.135780176671012	39.649265074468452	40.09416856795665	40.346436738017935	40.698834783503813	40.892285942021857	41.006690795847142	41.079876756325127	41.134507807714968	41.302185411574186	41.595646846655299	41.765161147316533	42.020316775606076	42.369571079588987	42.802074733969711	43.331799448607192	43.557649084434999	43.951445421560472	44.089009740642645	44.117768995451705	44.155310223807078	44.089821304345861	43.906860674538798	43.603523790605976	43.379942261759254	43.274135711800092	43.186294619397273	42.845458793849417	42.514460828939633	42.168874792895238	42.113933638742999	41.753876140453983	41.558859945405125	41.404855054251051	41.350619533381824	41.402094883382546	41.651217603385696	Engine Speed (RPM)


Torque (N.m)


Brake Power (KW)




Stoichiometric Efficiency

lambda	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	2350	2400	2450	2500	2550	2600	2650	2700	2750	2800	2850	2900	2950	3000	3050	3100	3150	3200	3250	3300	3350	3400	3450	3500	3550	3600	3650	3700	3750	3800	3850	3900	3950	4000	4050	4100	4150	4200	4250	4300	4350	4400	4450	4500	4550	4600	4650	4700	4750	4800	4850	4900	4950	5000	5050	5100	5150	5200	5250	5300	5350	5400	5450	5500	1.2658	1.26783	1.2734399999999999	1.2847599999999999	1.2918099999999999	1.2972900000000001	1.29895	1.2946899999999999	1.2855000000000001	1.2781800000000001	1.2795000000000001	1.27766	1.2823500000000001	1.2902800000000001	1.29942	1.31053	1.3149	1.3184899999999999	1.3189200000000001	1.31484	1.31653	1.32098	1.32287	1.3216399999999999	1.3165199999999999	1.3046500000000001	1.2964599999999999	1.2822899999999999	1.2730399999999999	1.2698400000000001	1.2744599999999999	1.2787599999999999	1.27634	1.28027	1.2837099999999999	1.2811999999999999	1.2744800000000001	1.2603599999999999	1.2531000000000001	1.23943	1.2273499999999999	1.2193000000000001	1.20692	1.1927399999999999	1.1848099999999999	1.17378	1.1611800000000001	1.1510400000000001	1.14117	1.12669	1.11975	1.10622	1.09697	1.0940099999999999	1.09659	1.0980799999999999	1.09907	1.1053299999999999	1.11704	1.12259	1.1246100000000001	1.1222000000000001	1.1239399999999999	1.12233	1.1217900000000001	1.12456	1.1227799999999999	1.1194299999999999	1.1198600000000001	1.11873	1.1156299999999999	1.1095299999999999	1.1056900000000001	1.09782	1.09558	1.0882700000000001	1.08396	1.0822099999999999	1.0846	1.08823	1.08687	1.0891	1.09185	1.0940700000000001	1.0934600000000001	1.0880399999999999	1.0833900000000001	1.0800700000000001	1.0789500000000001	1.0792299999999999	1.0836600000000001	power	8.737123973253528	9.2171254612116513	9.7437107057340864	10.237692446326996	10.847035831637401	11.48042285950241	12.15930871140217	12.893265567646674	13.666322708834299	14.342069090619011	14.990649445285714	15.59666541941295	16.193139112945591	16.741602406351433	17.232077337468887	17.769550349778086	18.38842747290726	18.954531598388161	19.506095919417849	20.14801718033031	20.871197324873751	21.513464568207052	22.208790992178709	22.920874070927717	23.51838144033497	24.224151407750583	24.88664367284548	25.460180013292632	25.974822457214131	26.487081466680934	27.003287238578093	27.500002667434451	28.021893656641993	28.489691789336572	28.811340113246576	29.113715934899272	29.586127166538407	30.04141013265189	30.352918181659668	30.704372250417077	31.191981080245824	31.559162399293875	32.076790543365604	32.520694532082487	32.967186981873823	33.550043490744159	34.289753906505631	34.966123910925447	35.706428049606636	36.391263944867305	36.904620701027412	37.667469225106224	38.155248910451441	38.654313602659187	39.135780176671012	39.649265074468452	40.09416856795665	40.346436738017935	40.698834783503813	40.892285942021857	41.006690795847142	41.079876756325127	41.134507807714968	41.302185411574186	41.595646846655299	41.765161147316533	42.020316775606076	42.369571079588987	42.802074733969711	43.331799448607192	43.557649084434999	43.951445421560472	44.089009740642645	44.117768995451705	44.155310223807078	44.089821304345861	43.906860674538798	43.603523790605976	43.379942261759254	43.274135711800092	43.186294619397273	42.845458793849417	42.514460828939633	42.168874792895238	42.113933638742999	41.753876140453983	41.558859945405125	41.404855054251051	41.350619533381824	41.402094883382546	41.651217603385696	Engine Speed RPM


Lambda


Brake Power KW
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