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This experiment aims to produce data to obtain insight into how an engine performs. The engine in question is a 1.6L Honda VTEC (D16 series) and is referred to throughout as ‘the engine’. Using a dynamometer, key data regarding the engine’s performance was gathered in order to carry out further calculations, allowing for a comprehensive picture of engine behaviour to be developed. This report describes the equipment and methodology used in the experiment, evaluates the processed data and suggests suitable engine characteristics based on a range of factors. 
[image: JDM Honda Civic 96-2000 D16A Engine 1.6L SOHC NON Vtec Motor ONLY | LA JDM]
[bookmark: _Toc225104710]Figure 1- A 1.6 Honda engine similar to the one used in the experiment
  
[bookmark: _Toc225104667]Equipment and Experimental Procedure

Before explaining the dynamometer and its operation, it’s important to note that no students completed sessions to obtain data. This is because of a fault with the equipment. Therefore, this report is written with no practical experience in the use of a dynamometer. Sample data and relevant videos have been provided to students to complete this section of the report. 
Below is a summary of the key facts explained by Fall and UWTSD (2020a) in the supplied video regarding the dynamometer setup used to obtain the sample data:
Key Components:
· Dynamometer Cell: The rig consists of a dynamometer connected via a drive shaft directly to the engine’s crankshaft. The engine and dynamometer rotate at the same speed (rpm).
· Engine: A Honda 1.6 VTEC D16 model, originally from a Jazz or CRX, low power import version. The engine is modified with a custom filter and fitted with a rudimentary exhaust extraction. 
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[bookmark: _Toc225104711]Figure 2- Honda 1.6 VTEC D16 in the Dynamometer Setup (Fall and UWTSD, 2020a)
Fuel System:
· Fuel is drawn from a main tank by a lift pump.
· Fuel passes through a filter and a fuel flow meter before reaching a secondary swirl pot.
· Main fuel pump feeds the engine via a regulator.
· Return fuel flow is routed through a cooling plate back to the swirl pot; this return line is after the flow meter to ensure accurate fuel consumption measurement.
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[bookmark: _Toc225104712]Figure 3- The Fuel Supply Board (Fall and UWTSD, 2020a)
Sensors and Controls:
· Coolant temperature sensors.
· Lambda (oxygen) sensor.
· Fuel flow meter.
· Throttle position sensor controlled by the computer.
· The engine is self-contained and controlled via sensor modules and a main control system.
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[bookmark: _Toc225104713]Figure 4- Sensor Recording Modules (Fall and UWTSD, 2020a)
Dynamometer Details:
· Eddy current dynamometer (Schenck WS230 model).
· Maximum speed: 10,000 rpm.
· Maximum load: 230 kW.

Operation:
· The inner rotor spins freely, powered by the engine.
· The outer casing is subjected to an electromagnetic field generated by current flow.
· This electromagnetic field applies a load on the engine by resisting rotation.
· The outer casing’s reaction tries to turn but is restrained by a strain gauge.
· The strain gauge outputs a voltage signal between 0 and 10 volts proportional to the load.
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[bookmark: _Toc225104714]Figure 5- Torque Arm with Attached Weight Hanger (Fall and UWTSD, 2020a)





Measurement
· The strain gauge signal (0-10 V) corresponds to torque applied to the dynamometer.
· Two torque arms are present, both 815.776mm from the centre of the dyno.
· Known masses (measured in kilograms) are hung on one arm to exert a torque.
· The system records voltage outputs corresponding to varying known masses.
· Torque () is calculated as:

where  is the force in Newtons and  is the arm length.
· The voltage-to-torque relationship is then used to extrapolate torque from strain gauge voltage during engine operation.
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[bookmark: _Toc225104715]Figure 6- View of Complete Engine Dynamometer Setup (Fall and UWTSD, 2020a)

Additional Details:
· The electromagnetic load can be varied by adjusting the current supplied to the dynamometer, thereby changing the torque applied to the engine.
· Cooling is required due to heat generated from high current; coolant is circulated from a tank with radiators and fans to maintain a stable temperature.

In the second video Fall and UWTSD (2020b), explain the methodology behind engine dynamometer testing. Fall explains how it consists of a variety of testing approaches that juggle control, accuracy, and constraints like thermal loading and test duration.
 Manual operation gives the user direct control of engine speed and load via throttle input and dynamometer current respectively. This allows for targeting of specific operating points. It is inhibited by reduced precision and repeatability. In contrast, automated step testing offers a controlled approach in which the engine is held at predetermined speed and load conditions. This enables sensors to stabilise and yields accurate data for parameters like torque, fuel flow, and air–fuel ratio. However, the prolonged time at each point makes for thermal and mechanical stress, affecting engine behaviour and performance. Sweep testing is a compromise between these approaches and was used to obtain the sample data. This test continuously increases engine speed while recording data at small intervals to produce performance graphs quickly. Although this method reduces heat build-up and test time, sensor inaccuracy due to the test speed may be a cause of concern. 
The choice of methodology is therefore dependent on the purpose of the test. Step tests are suited to detailed analysis at specific points, sweep tests are efficient and give an overall indication of engine performance.







[bookmark: _Toc225104668]Excel Data
The sample data was provided in the form of an excel spreadsheet. This data enabled students to produce calculations allowing for additional engine characteristics to be analysed. Below is a table displaying calculated parameters, their respective units and formulae:
[bookmark: _Toc225104683]Table 1- Excel Calculation Explanation Table
	
Parameter
	
Unit
	
Equation

	Torque
	Nm
	

	Corrected Power
	kW
	[image: ]


	BMEP
	kPa
	

	SFC
	g/kWh
	

	Overall Thermal Efficiency 
	
	

	Brake Power
	kW
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[bookmark: _Toc225104716]Figure 7- A Graph To Show SFC Against Engine Speed
This graph shows a line with a vague ‘u-shape’. This means that SFC is highest when the engine is operating at the extremities of its RPM range. The high SFC values at low rpm (~350g/kWh) are due to pumping losses as a result of the narrow throttle position (Duleep, 2004). SFC reaches a minimum of ~250g/kWh at the 1700-2300rpm range. Within this range the overall thermal efficiency peaks inversely to SFC (when SFC value is low, efficiency is high), thus, it can be said that the engine is at optimal efficiency here. As a result, one can assume pumping losses are now at a minimum and volumetric efficiency is high. At higher rpm the engine is less efficient, seeing SFC figures of ~300-350g/kWh between 4000-5500rpm. It is natural that an engine utilises more fuel in high rpm ranges, although here the fuel is being used in a less efficient way compared to lower rpm ranges. This is attributed to a reduced volumetric efficiency (as there is less time for complete cylinder fills to occur) and increased friction within the engine (Xim, 2013). This is a standard observation in four stroke engines. It can also be said that the engine is running lean which leads to increased cylinder temperatures and lower efficiency (Urdaneta, 2025). 
 

[bookmark: _Toc225104717]Figure 8- A Graph To Show Torque Against Engine Speed
This curve shape is typical of those seen in naturally aspirated engines. The torque in the engine is low at low rpm. This is expected as there is minimal airflow in the engine. Less airflow means low oxygen. This results in lower levels of combustion and lower torque outputs. However, that’s not to say engine speed is directly proportional to torque. The torque value peaks in the mid-RPM range (2100-3700rpm). A large contributor to this is the strong suction effect of air found in the mid-RPM range (Ramana, Umamaheswar Gowd and Maheswar, 2015). This is where air flows at a high velocity to fill the cylinder when the piston velocity is low (BDC), giving a high volumetric efficiency.  Other data like thermal efficiency, SFC and turbulence which naturally increase proportionally to speed suggest that this is where ignition timing is closest to MBT (Minimum advance for best torque) at around 15-20° after TDC (Zhu, Daniels and Winkelman, 2003). When ignition occurs in this ‘sweet spot’ torque is at its peak and maximum force can be applied to the piston during the power stroke (Rose Hulman Institute of Technology, n.d.). It would be natural to assume that this would continue to occur in the high-RPM range, although this is not the case. Due to aforementioned factors such as reduced intake time, high frictional losses and less time for combustion to occur, the process isn’t as efficient as in lower RPM ranges and causes a drop in peak pressure. Looking at the figure below one can see BMEP is directly proportional to torque, so if pressure drops then so does the torque.

[bookmark: _Toc225104718]Figure 9- A Graph To Show BMEP Against Engine Speed


[bookmark: _Toc225104719]Figure 10- A Graph To Show Power Against Engine Speed
Before studying this graph, it is useful to understand how BP is calculated. 

As can be seen in the formula above, the brake power value depends directly on both the torque (T) and engine speed (N). Therefore, as the engine speed and torque increases, so does the brake power. At the start of the graph power is low because both engine speed and torque are low. However, even in an engine with a high torque output at low RPM, power is still limited by rpm. There is an increase in power around the mid-rpm range. To confirm the earlier assertation, one can observe that power is highest when torque and rpm share an increasing pattern. Yet power continues to rise when torque decreases. This is because the rpm rises faster than the torque decrease. Ultimately, the torque will drop too much for a rise in power and outweigh the rise in rpm, therefore power will decrease. To conclude, power is seen to rise with RPM as there are an increasing number of power strokes per unit time. This power will drop as a decreasing amount of torque will eventually be produced. It should also be noted that the high lambda values limit the energy that can be released in the engine, hindering power output.  
  









[bookmark: _Toc225104670]Conclusion
The results obtained from the dynamometer test indicate the engine displays characteristics typically found in small, naturally aspirated engines, with a focus on mid-range efficiency as opposed to peak performance.
The maximum brake power output of ~59 BHP is modest. This implies the engine is not designed for high-performance, but for efficiency and reliability. This is further supported by the low peak torque readings (~100 Nm), suggesting limited cylinder filling and energy release per cycle. The lean fuel mix (λ > 1) also contributes to reduced power, as less fuel is available for combustion. This does however improve fuel economy (Zhao et al., 2019).
The engine displays its highest efficiency in the mid-RPM range (~1700–3000 RPM), where minimum SFC (~250 g/kWh) and peak thermal efficiency (~30%) are observed. This suggests the engine is optimised to operate at low-to-moderate speeds. This is where volumetric efficiency, combustion quality, and ignition timing are closest to ideal conditions (near MBT). This operating region aligns with common real-world driving conditions (city driving being an example). This suggests the engine is suited for everyday road use rather than high-speed or high-load scenarios.
The shape of the torque and power curves reinforces this interpretation. The broad torque peak in the mid-range indicates a design prioritising drivability and flexibility, rather than sharp peak performance. Meanwhile, the continued rise in brake power beyond the torque peak proves the increasing number of power strokes per unit time, although this ultimately suffers due to declining torque at higher speeds.
It should also be noted that the observed performance may be influenced by the condition and configuration of the engine. In particular, the intake setup, including the non-standard air filter identified by the technician has possibly restricted airflow into the engine. This would reduce volumetric efficiency, contributing to the relatively low torque and power outputs observed, as well as the lean lambda readings. While the trends in the data remain valid, the performance values may not fully represent the engine’s true performance under optimised, stock conditions.
Overall, the engine can be characterised as efficient and well-suited to moderate conditions. Power is limited by lean combustion and intake and exhaust configurations. The results suggest that improvements in air intake design or mixture enrichment could enhance both torque and power output, particularly at higher engine speeds. However, such changes may come at the expense of fuel efficiency, highlighting the inherent trade-off between performance and economy in engine design. 









[bookmark: _Toc225104671]Evaluation
A limitation of this investigation is that the experimental data was not collected by students due to issues with the dynamometer. As a result, the analysis uses secondary data, which prevents full validation of the test procedure and limits the ability to identify anomalies during data acquisition. Involvement in the testing process would improve control over test conditions and offer a better understanding of sources of error.
One significant improvement would be to utilise multiple dynamometer testing methods. In this investigation, sweep testing was used to obtain performance data for the engine. While this method is efficient, it is less accurate due to the sensor response lag. Incorporating step testing would allow the sensors to stabilise at precise operating points, producing more accurate and reliable data. This would be particularly useful for identifying parameters such as fuel flow, lambda, and torque. A combination of sweep tests to establish overall trends and step tests for detailed data collection would improve the quality and reliability of the results.
Repeat testing should also be conducted to ensure reliability and consistency within the data. Running multiple tests would allow for averaging of results and identification of anomalies, improving confidence in the final analysis.
Instrumentation and calibration also play a critical role in data accuracy. Calibration of the dynamometer (particularly the torque measurement system) is essential to minimise error. Additionally, ensuring that all sensors are functioning correctly and have sufficient response time is important when using sweep testing, where rapid changes in engine speed can introduce measurement lag (Ward et al., 2002).
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BMEP (kPa)



 Power Vs Engine Speed

BP (kW)	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	8.7395337711683752	9.2196676489825098	9.7463981316895154	10.240516118050726	10.85002756717982	11.483589290372915	12.16266238669262	12.896821676564842	13.670092035682375	14.346024795985551	14.994784036472238	15.600967156680413	16.197605364424753	16.746219930229252	17.236830139897162	17.77445139336081	18.393499209821734	18.959759473242915	19.511475921969865	20.153574232048701	20.876953837880521	21.519398225806075	22.214916428693972	22.927195908034712	23.52486807675319	24.230832703532805	24.893507691510422	25.467202219787058	25.981986607933226	26.494386904246443	27.010735051551865	27.507587480158755	28.029622412822	28.49754956954876	28.819286607715615	29.12174582805039	29.594287356066737	30.049695894387476	30.361289860849244	30.712840864626074	31.20058418250203	31.567866774323559	32.085637686109933	32.529664108583013	32.976279706057475	33.559296973365484	34.299211409651676	34.975767964592151	35.716276287553569	36.401301068323647	36.914799414101154	37.677858340457448	38.165772560973764	38.664974900885547	39.146574268840716	39.660200791598484	40.105226994517643	40.357564743002214	40.710059983867012	40.903564498409274	41.018000906391187	41.091207052387361	41.145853171640965	41.313577022885646	41.607119397959885	41.77668045258838	42.031906455694966	42.381257087977211	42.813880031772584	43.343750850496122	43.569662778215758	43.963567728838633	44.101169989720695	44.129937176658501	44.167488759310558	44.101981777262381	43.918970684837923	43.615550137151146	43.391906941982228	43.286071209376203	43.198205889403546	42.857276057468205	42.526186799564506	42.18050544697067	42.125549139424827	41.765392333192906	41.570322350464984	41.416274983014752	41.362024503373561	41.413514050859803	41.662705481735436	BHP (hp)	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	11.719714787136791	12.363574317285545	13.069919894595641	13.732532114306023	14.549886967588138	15.399493238390079	16.310130260554804	17.294637868273455	18.331593419850066	19.238019251416624	20.10800539290927	20.920896957108432	21.720988793693593	22.456680926437425	23.114589217602095	23.835539318496846	24.665682440370944	25.425037453618749	26.164889211361587	27.025943045177307	27.995995096597778	28.857513020805946	29.790202930878614	30.745369712674549	31.546848090926026	32.493546655437491	33.382193814315478	34.151518176734442	34.841844041238453	35.528972838594477	36.221395704131048	36.887674810892889	37.587723655594303	38.215213972764886	38.646663340946638	39.052261155415572	39.68593934448549	40.296642194373604	40.714489703398833	41.185919599463567	41.83998338873522	42.332509344367892	43.026840137073421	43.622279569609823	44.221191085823072	45.003017241283111	45.995242500342897	46.902504840518077	47.895526501609332	48.814144732622012	49.502746014309643	50.526008034553435	51.180301004265814	51.849731342087516	52.495556094515401	53.184329261533563	53.781109399648159	54.119494320365966	54.592190438365662	54.851679992366833	55.005139215470578	55.103308657251446	55.176589103170535	55.401506787689648	55.795147112664203	56.022528486921018	56.364786557086944	56.83326575497744	57.413413122607032	58.123969890515298	58.426917785587328	58.955144324372604	59.139668956215452	59.178245753899049	59.228602426235454	59.140757563308853	58.895339688367656	58.488452733919686	58.18854720919817	58.046621491773486	57.928794097690151	57.471607193064862	57.027616498215998	56.564057804387666	56.490361395968691	56.00739111881169	55.745802271973545	55.539224752222779	55.466474859023947	55.535522342202995	55.869688051007216	Engine Speed (RPM)


Power
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