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1. [bookmark: _Toc225074277]Introduction
This investigation was carried out to examine how key engine performance characteristics change with engine speed, focusing specifically on Specific Fuel Consumption (SFC), Torque, and Brake Power. These three parameters are fundamental indicators of how efficiently and effectively an internal combustion engine operates under varying conditions. Torque represents the engine’s ability to produce rotational force, brake power reflects the usable power output delivered at the crankshaft, and specific fuel consumption indicates how efficiently the engine converts fuel into useful work. By analysing how each of these values responds as engine speed increases, the test aims to develop a deeper understanding of engine behaviour, identify the most efficient operating range, and highlight the factors that influence overall performance output.
The primary aim of the test is to obtain accurate and reliable measurements of fuel consumption, torque output, and engine speed across a controlled range of operating conditions using a dynamometer. From these measured values, brake power and specific fuel consumption can be calculated, allowing for a more comprehensive evaluation of engine efficiency. By plotting these results graphically, clear trends can be identified, such as how torque typically rises to a peak before decreasing at higher speeds, and how brake power increases with engine speed before reaching a maximum. Similarly, variations in specific fuel consumption can be analysed to determine the engine’s most fuel-efficient operating point. These graphical relationships provide valuable insight into how the engine responds to changes in load and speed.
In addition, this investigation supports the development of practical and analytical skills by combining hands-on testing with data processing and interpretation. Careful control of test conditions, accurate data recording, and consistent methodology are essential to ensure valid results. Any inconsistencies or errors in measurement can significantly affect the reliability of the conclusions drawn, highlighting the importance of precision throughout the testing process.
Overall, this investigation provides a structured and methodical approach to assessing engine performance. It integrates experimental measurement, calculation, and technical analysis to produce meaningful conclusions about engine operation. The results can be used to evaluate efficiency, identify optimal performance ranges, and support decisions related to engine design, optimisation, and tuning, making the investigation highly relevant to real-world engineering applications.










2. [bookmark: _Toc225074278]Equipment And Method
2.1 [bookmark: _Toc225074279]Equipment
[bookmark: _Toc225074280]Main Equipment:
· Engine dynamometer
· Test engine (mounted securely on test bed)
· Control system / computer software (for RPM control and data logging)
[bookmark: _Toc225074281]Measurement Instruments:
· Torque sensor (load cell)
· RPM sensor (tachometer)
· Fuel flow meter
· Airflow meter
· Temperature sensors (oil, coolant, exhaust)
· Pressure sensors
[bookmark: _Toc225074282]Support Systems:
· Fuel supply system
· Cooling system (radiator or external cooling rig)
· Exhaust extraction system
· Data acquisition system (DAQ)

[image: ]
Figure 1 Image of Schenk Dynamometer (Achmad Praptijanto, 2026)

2.2 [bookmark: _Toc225074283]Methods
2.2.1 [bookmark: _Toc225074284]Step Method
Step dyno testing is a steady-state method where the engine is operated at fixed speed and load points in a step-by-step sequence. The process begins by setting the engine to a specific RPM and load condition using the dynamometer. Once the engine stabilises (temperature, pressure, and combustion conditions become steady), measurements such as torque, fuel flow, air intake, and emissions are recorded. After data is collected, the operator “steps” to the next RPM or load point and repeats the process.
This method is highly controlled and produces very accurate, repeatable data. It is commonly used to generate detailed engine maps, including torque curves and brake-specific fuel consumption (BSFC) maps. Because each point is measured under stable conditions, step testing is ideal for calibration work, fuel efficiency optimisation, and emissions analysis. However, it is relatively time-consuming because the engine must stabilise at each step before data is recorded.
2.2.2 [bookmark: _Toc225074285]Sweep Method
The chosen method for this investigation was the sweep method. Sweep dyno testing, also known as ramp testing, involves continuously increasing or decreasing engine speed over a defined range while measuring performance. Instead of holding the engine at fixed points, the dynamometer allows the engine to accelerate (or decelerate) at a controlled rate—often under wide-open throttle. As the RPM changes smoothly, the system records torque, power, and other parameters in real time.
This method is much faster than step testing and is widely used to produce power and torque curves quickly. It is especially popular in performance tuning and motorsport because it reflects how the engine behaves during acceleration. However, because the engine is not in a fully stabilised condition at each point, the data may be slightly less precise than steady-state results. Factors such as ramp rate and thermal lag can influence the measurements.
















3. [bookmark: _Toc225074286]Results
3.1 [bookmark: _Toc225074287]Collected Data
All collected data consisted of Load measured in N, Dyno Speed measured in RPM, Fuel Flow Rate in l/min and Lambda (see Appendix 1: Collected Data).

3.2 [bookmark: _Toc225074288]Measured Data and Equations
Previous data was then used to equate several other values such as Corrected Power, Torque, BMEP, SFC, and Overall Thermal Efficiency (see Appendix 2: Calculated Data)
3.2.1 [bookmark: _Toc225074289]Torque
Torque is a measure of how much a force causes an object to rotate around a point or axis.
Formula:
 
(Equation 1)
· T = torque
· r = distance from the pivot point (lever arm)
· F = applied force
· The angle between them also matters (maximum torque when force is perpendicular)

3.2.2 [bookmark: _Toc225074290]Corrected Power
Corrected power is the power output of an engine (or turbine) adjusted to standard reference conditions, so it can be fairly compared regardless of changes in temperature, pressure, or altitude.
Formula:

(Equation 2)
· = corrected power
· = actual measured power
· = ambient temperature (Kelvin)
· = ambient pressure
3.2.3 [bookmark: _Toc225074291]BMEP
BMEP is the average pressure inside an engine’s cylinders that would produce the measured brake power output.
Formula:

(Equation 3)
·  = Torque
·  = Engine Capacity (cc)
3.2.4 [bookmark: _Toc225074292]SFC
Specific Fuel Consumption (SFC) is the amount of fuel an engine uses to produce a unit of power.
Formula:

(Equation 4)
· SFC = specific fuel consumption
· = fuel mass flow rate (kg/s)
· = power output (kW or W)

[bookmark: _Toc225074293]3.2.5 Overall Thermal Effeciency
Overall thermal efficiency is the ratio of useful power output to the total energy input from fuel.
Formula:

(Equation 5)
· = overall thermal efficiency
· = useful power output (W or kW)
· = fuel mass flow rate (kg/s)
· = calorific value of fuel (J/kg)








4. [bookmark: _Toc225074294]Graphical Analysis and Associated Questions
4.1 [bookmark: _Toc225074295]SFC vs Engine Speed

Figure 2 Graph of SFC vs Engine Speed
The SFC curve rises at low engine speeds because the engine burns fuel less efficiently when airflow is slow, friction consumes a large share of the limited power produced, and volumetric efficiency is poor, all of which increase fuel use per unit power (Onwuka et al., 2019), it reaches a minimum at mid‑range speeds where combustion quality, airflow, torque output, and mechanical efficiency are most favourable, consistent with analyses showing that engines achieve their best brake thermal efficiency and lowest SFC when volumetric efficiency is highest. SFC increases again at high speeds because frictional and pumping losses rise rapidly with RPM, combustion time becomes insufficient for complete burning, and volumetric efficiency falls as the intake system cannot supply air quickly enough, all of which reduce overall efficiency and increase fuel consumption per unit power.
4.2 [bookmark: _Toc225074296]Torque vs Engine Speed

Figure 3 Graph of Torque vs Engine Speed
Torque varies with engine speed mainly because of how efficiently the engine can take in air, burn fuel, and overcome internal losses. At low engine speeds (around 1000–1500 RPM), torque is relatively low because air enters the cylinders slowly, leading to poor air–fuel mixing and reduced combustion efficiency. As engine speed increases to the mid-range (around 2000–3500 RPM), torque rises and reaches a peak because airflow improves, allowing the cylinders to fill more effectively (higher volumetric efficiency), and combustion becomes more efficient due to better mixing. Many engines are designed to perform best in this range, which is why maximum torque occurs here. At higher engine speeds (above 4000 RPM), torque begins to decrease because there is less time for air to enter the cylinders, and components such as valves and intake systems restrict airflow. In addition, friction and heat losses increase as parts move faster, reducing the engine’s effectiveness. This pattern is typical of most car engines and is explained in accessible sources such as the HowStuffWorks article on “How Car Engines Work” (Brain and Hall-Geisler, 2000) and the Energy Education (Energy Education, 2018) page on engine efficiency.
[bookmark: _Toc225074297]4.3 Brake Power vs Engine Speed 

Figure 4 Graph of Brake Power vs Engine Speed
The graph shows brake power increasing with engine speed up to a peak (around 4500–4800 rpm) and then declining slightly, which reflects typical Internal Combustion Engine behaviour (Energy Education, 2018). At low engine speeds, brake power is limited because fewer combustion cycles occur per second and the air–fuel mixture does not enter the cylinders as efficiently. As speed rises, more frequent combustion events and improved cylinder filling increase power, largely due to better Volumetric Efficiency (De Nicolao, Scattolini and Siviero, 1996). In the mid-range, the engine reaches optimal conditions for airflow, fuel atomisation, and ignition timing, producing maximum brake power. At higher speeds beyond the peak, brake power decreases slightly because frictional losses within moving components increase, there is less time for complete combustion, and airflow into the cylinders becomes restricted, reducing Mechanical Efficiency.




5. [bookmark: _Toc225074298]Conclusions
The observation that engine efficiency peaks at mid-range speeds where specific fuel consumption (SFC) is lowest is strongly supported by engine performance studies. Brake specific fuel consumption (BSFC), a key efficiency metric, typically forms an “efficiency island” at moderate engine speeds and relatively high load conditions. This occurs because combustion is most complete and heat losses are minimised in this region (x-engineer.org, 2024). At low speeds, efficiency drops due to increased heat loss per cycle, while at high speeds, friction and pumping losses dominate.
The point that maximum torque occurs at moderate engine speeds reflects the relationship between torque and volumetric efficiency. Peak torque is achieved when the engine can ingest and burn the maximum air–fuel mixture effectively, which usually occurs in the mid-speed range where volumetric efficiency is highest. This is also the region where combustion timing, air–fuel mixing, and cylinder filling are optimally balanced.
The statement that brake power increases with engine speed and peaks at higher RPM than torque aligns with the fundamental relationship between power, torque, and rotational speed. Even as torque begins to decline after its peak, increasing engine speed continues to raise power output until frictional and breathing limitations outweigh the gains. Hence, maximum power is typically achieved at higher RPM than maximum torque.
At very high engine speeds, efficiency decreases, which is explained by several interacting factors:
· Increased mechanical friction and pumping losses
· Reduced time available for complete combustion
· Declining volumetric efficiency due to airflow limitations
These effects lead to higher fuel consumption and reduced thermal efficiency at high RPM (Abdullah Alghafis et al., 2020).
Finally, the conclusion that these trends match expected engine behaviour is consistent with standard engine performance maps. These maps show that for any given power output, multiple combinations of speed and torque are possible, but the most efficient operation lies near the minimum BSFC region. This is why modern engine control systems and transmissions aim to keep engines operating within this optimal zone whenever possible.










6. [bookmark: _Toc225074299]Evaluation
The engine dynamometer test was carried out in a structured and systematic manner, ensuring that each stage of the procedure was followed correctly. Data was collected consistently with careful attention given to recording measurements such as load, engine speed, flow rate and lambda. Calculations were completed accurately, allowing reliable performance results to be obtained. However, there are several areas where personal performance could be improved. Data recording could have been carried out more efficiently by using a clearer structure or pre-prepared tables, reducing delays between test steps. Additionally, greater emphasis could have been placed on repeating measurements at each stage to improve accuracy and identify any anomalies. Time management during the test could also be improved, as better coordination between adjusting the dynamometer and recording data would increase overall efficiency.
In terms of improving the investigation itself, the use of more precise digital sensors would help to minimise measurement error and improve data quality. Repeating the test multiple times and calculating average values would increase the reliability and validity of the results. Finally, ensuring that all instruments are properly calibrated before testing begins is essential to maintain accuracy and confidence in the data collected.
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[bookmark: _Toc225074301]Appendix
[bookmark: _Ref225023298][bookmark: _Toc225074302]Appendix 1: Collected Data
	Load
	Dyno Speed
	Fuel Flow Rate
	Lambda

	Newtons
	rpm
	l/min
	Lambda

	102.275
	1000
	0.0704
	1.2658

	102.756
	1050
	0.0724
	1.26783

	103.689
	1100
	0.0737
	1.27344

	104.209
	1150
	0.0728
	1.28476

	105.811
	1200
	0.0744
	1.29181

	107.51
	1250
	0.07895
	1.29729

	109.488
	1300
	0.079
	1.29895

	111.797
	1350
	0.0796
	1.29469

	114.268
	1400
	0.0835
	1.2855

	115.783
	1450
	0.0847
	1.27818

	116.985
	1500
	0.08865
	1.2795

	117.788
	1550
	0.0932
	1.27766

	118.471
	1600
	0.0959
	1.28235

	118.772
	1650
	0.09875
	1.29028

	118.656
	1700
	0.10005
	1.29942

	118.861
	1750
	0.10305
	1.31053

	119.584
	1800
	0.1093
	1.3149

	119.934
	1850
	0.11415
	1.31849

	120.176
	1900
	0.11745
	1.31892

	120.948
	1950
	0.12055
	1.31484

	122.157
	2000
	0.12555
	1.31653

	122.845
	2050
	0.12785
	1.32098

	123.796
	2100
	0.1309
	1.32287

	124.794
	2150
	0.13435
	1.32164

	125.137
	2200
	0.1377
	1.31652

	126.028
	2250
	0.14105
	1.30465

	126.66
	2300
	0.14495
	1.29646

	126.822
	2350
	0.14985
	1.28229

	126.69
	2400
	0.1537
	1.27304

	126.552
	2450
	0.15565
	1.26984

	126.438
	2500
	0.1596
	1.27446

	126.239
	2550
	0.1626
	1.27876

	126.161
	2600
	0.16805
	1.27634

	125.847
	2650
	0.17145
	1.28027

	124.911
	2700
	0.17465
	1.28371

	123.927
	2750
	0.1784
	1.2812

	123.689
	2800
	0.18005
	1.27448

	123.389
	2850
	0.1831
	1.26036

	122.519
	2900
	0.1879
	1.2531

	121.837
	2950
	0.19255
	1.23943

	121.709
	3000
	0.199
	1.22735

	121.123
	3050
	0.20605
	1.2193

	121.124
	3100
	0.21005
	1.20692

	120.851
	3150
	0.21605
	1.19274

	120.596
	3200
	0.21795
	1.18481

	120.84
	3250
	0.22305
	1.17378

	121.633
	3300
	0.2255
	1.16118

	122.181
	3350
	0.2285
	1.15104

	122.933
	3400
	0.2342
	1.14117

	123.475
	3450
	0.23605
	1.12669

	123.428
	3500
	0.24195
	1.11975

	124.205
	3550
	0.24545
	1.10622

	124.066
	3600
	0.25505
	1.09697

	123.967
	3650
	0.25755
	1.09401

	123.815
	3700
	0.26445
	1.09659

	123.767
	3750
	0.2651
	1.09808

	123.509
	3800
	0.2693
	1.09907

	122.672
	3850
	0.27375
	1.10533

	122.157
	3900
	0.2759
	1.11704

	121.184
	3950
	0.28285
	1.12259

	120.004
	4000
	0.28455
	1.12461

	118.734
	4050
	0.2871
	1.1222

	117.442
	4100
	0.28895
	1.12394

	116.5
	4150
	0.29305
	1.12233

	115.931
	4200
	0.2949
	1.12179

	115.034
	4250
	0.29715
	1.12456

	114.391
	4300
	0.3022
	1.12278

	114.016
	4350
	0.30605
	1.11943

	113.871
	4400
	0.3092
	1.11986

	113.985
	4450
	0.3099
	1.11873

	113.306
	4500
	0.31445
	1.11563

	113.074
	4550
	0.3171
	1.10953

	112.195
	4600
	0.3194
	1.10569

	111.061
	4650
	0.32055
	1.09782

	109.973
	4700
	0.3207
	1.09558

	108.654
	4750
	0.32485
	1.08827

	107.076
	4800
	0.32455
	1.08396

	105.24
	4850
	0.3257
	1.08221

	103.632
	4900
	0.3277
	1.0846

	102.335
	4950
	0.32845
	1.08823

	101.106
	5000
	0.3287
	1.08687

	99.3149
	5050
	0.32985
	1.0891

	97.5815
	5100
	0.3297
	1.09185

	95.8486
	5150
	0.33095
	1.09407

	94.8033
	5200
	0.3338
	1.09346

	93.0976
	5250
	0.3313
	1.08804

	91.7886
	5300
	0.3324
	1.08339

	90.5938
	5350
	0.3308
	1.08007

	89.6374
	5400
	0.3388
	1.07895

	88.9256
	5450
	0.3438
	1.07923

	88.6474
	5500
	0.3488
	1.08366










[bookmark: _Ref225024153][bookmark: _Toc225074303]Appendic 2: Calculated Data
	Torque
	Calculated Power
	In kW
	In HP
	Corrected Power
	SFC
	BMEP
	Fuel Flow
	Overall Thermal Efficiency

	Nm
	W
	
	kW
	kg/s
	kPa
	
	%

	83.43
	8737.13
	8.74
	11.72
	8.79
	0.36
	655.29
	0.00088000
	22.56491396

	83.83
	9217.14
	9.22
	12.36
	9.27
	0.35
	658.37
	0.00090500
	23.14700341

	84.59
	9743.72
	9.74
	13.07
	9.80
	0.34
	664.34
	0.00092125
	24.03780104

	85.01
	10237.70
	10.24
	13.73
	10.30
	0.32
	667.68
	0.00091000
	25.5686938

	86.32
	10847.05
	10.85
	14.55
	10.91
	0.31
	677.94
	0.00093000
	26.5079402

	87.70
	11480.44
	11.48
	15.40
	11.55
	0.31
	688.83
	0.00098688
	26.43891285

	89.32
	12159.32
	12.16
	16.31
	12.24
	0.29
	701.50
	0.00098750
	27.98463433

	91.20
	12893.28
	12.89
	17.29
	12.97
	0.28
	716.29
	0.00099500
	29.45016303

	93.22
	13666.34
	13.67
	18.33
	13.75
	0.27
	732.13
	0.00104375
	29.75795201

	94.45
	14342.09
	14.34
	19.23
	14.43
	0.27
	741.83
	0.00105875
	30.78691998

	95.43
	14990.67
	14.99
	20.10
	15.08
	0.27
	749.53
	0.00110813
	30.74535778

	96.09
	15596.68
	15.60
	20.92
	15.69
	0.27
	754.68
	0.00116500
	30.4266183

	96.65
	16193.16
	16.19
	21.72
	16.29
	0.27
	759.05
	0.00119875
	30.70084172

	96.89
	16741.62
	16.74
	22.45
	16.85
	0.27
	760.98
	0.00123438
	30.82462219

	96.80
	17232.10
	17.23
	23.11
	17.34
	0.26
	760.24
	0.00125063
	31.3154304

	96.96
	17769.57
	17.77
	23.83
	17.88
	0.26
	761.55
	0.00128813
	31.35207469

	97.55
	18388.45
	18.39
	24.66
	18.50
	0.27
	766.19
	0.00136625
	30.58878818

	97.84
	18954.55
	18.95
	25.42
	19.07
	0.27
	768.43
	0.00142688
	30.1908252

	98.04
	19506.12
	19.51
	26.16
	19.63
	0.27
	769.98
	0.00146813
	30.19640053

	98.67
	20148.04
	20.15
	27.02
	20.27
	0.27
	774.92
	0.00150688
	30.38805758

	99.65
	20871.22
	20.87
	27.99
	21.00
	0.27
	782.67
	0.00156938
	30.22515175

	100.21
	21513.49
	21.51
	28.85
	21.65
	0.27
	787.08
	0.00159813
	30.59478926

	100.99
	22208.82
	22.21
	29.78
	22.35
	0.27
	793.17
	0.00163625
	30.84772306

	101.80
	22920.90
	22.92
	30.74
	23.06
	0.26
	799.57
	0.00167938
	31.01925387

	102.08
	23518.41
	23.52
	31.54
	23.67
	0.26
	801.76
	0.00172125
	31.05355552

	102.81
	24224.18
	24.22
	32.49
	24.38
	0.26
	807.47
	0.00176313
	31.22578209

	103.33
	24886.67
	24.89
	33.37
	25.04
	0.26
	811.52
	0.00181188
	31.21662539

	103.46
	25460.21
	25.46
	34.14
	25.62
	0.26
	812.56
	0.00187313
	30.89175384

	103.35
	25974.85
	25.97
	34.83
	26.14
	0.27
	811.71
	0.00192125
	30.72674549

	103.24
	26487.11
	26.49
	35.52
	26.65
	0.26
	810.83
	0.00194563
	30.94017923

	103.15
	27003.32
	27.00
	36.21
	27.17
	0.27
	810.10
	0.00199500
	30.76249754

	102.98
	27500.04
	27.50
	36.88
	27.67
	0.27
	808.82
	0.00203250
	30.75034818

	102.92
	28021.93
	28.02
	37.58
	28.20
	0.27
	808.32
	0.00210063
	30.31773878

	102.66
	28489.73
	28.49
	38.21
	28.67
	0.27
	806.31
	0.00214313
	30.21260024

	101.90
	28811.38
	28.81
	38.64
	28.99
	0.27
	800.32
	0.00218313
	29.99388432

	101.10
	29113.75
	29.11
	39.04
	29.30
	0.28
	794.01
	0.00223000
	29.67157728

	100.90
	29586.16
	29.59
	39.68
	29.77
	0.27
	792.49
	0.00225063
	29.87671448

	100.66
	30041.45
	30.04
	40.29
	30.23
	0.27
	790.56
	0.00228875
	29.83113744

	99.95
	30352.96
	30.35
	40.70
	30.54
	0.28
	784.99
	0.00234875
	29.37051177

	99.39
	30704.41
	30.70
	41.18
	30.90
	0.28
	780.62
	0.00240688
	28.9930926

	99.29
	31192.02
	31.19
	41.83
	31.39
	0.29
	779.80
	0.00248750
	28.49887557

	98.81
	31559.20
	31.56
	42.32
	31.76
	0.29
	776.05
	0.00257563
	27.84778724

	98.81
	32076.83
	32.08
	43.02
	32.28
	0.29
	776.05
	0.00262563
	27.76553623

	98.59
	32520.73
	32.52
	43.61
	32.72
	0.30
	774.30
	0.00270063
	27.36802036

	98.38
	32967.23
	32.97
	44.21
	33.17
	0.30
	772.67
	0.00272438
	27.50191027

	98.58
	33550.08
	33.55
	44.99
	33.76
	0.30
	774.23
	0.00278813
	27.3481972

	99.23
	34289.80
	34.29
	45.98
	34.50
	0.30
	779.31
	0.00281875
	27.64748715

	99.67
	34966.17
	34.97
	46.89
	35.19
	0.29
	782.82
	0.00285625
	27.82269089

	100.29
	35706.47
	35.71
	47.88
	35.93
	0.30
	787.64
	0.00292750
	27.72026381

	100.73
	36391.31
	36.39
	48.80
	36.62
	0.29
	791.12
	0.00295063
	28.0305086

	100.69
	36904.67
	36.90
	49.49
	37.14
	0.30
	790.81
	0.00302438
	27.73275165

	101.32
	37667.52
	37.67
	50.51
	37.90
	0.29
	795.79
	0.00306813
	27.90237997

	101.21
	38155.30
	38.16
	51.17
	38.39
	0.30
	794.90
	0.00318813
	27.1998686

	101.13
	38654.36
	38.65
	51.84
	38.90
	0.30
	794.27
	0.00321938
	27.2881601

	101.01
	39135.83
	39.14
	52.48
	39.38
	0.30
	793.29
	0.00330563
	26.90718517

	100.97
	39649.31
	39.65
	53.17
	39.90
	0.30
	792.99
	0.00331375
	27.19338409

	100.76
	40094.22
	40.09
	53.77
	40.35
	0.30
	791.33
	0.00336625
	27.06965379

	100.07
	40346.49
	40.35
	54.11
	40.60
	0.31
	785.97
	0.00342188
	26.79716808

	99.65
	40698.88
	40.70
	54.58
	40.95
	0.31
	782.67
	0.00344875
	26.82057707

	98.86
	40892.34
	40.89
	54.84
	41.15
	0.31
	776.44
	0.00353563
	26.28591195

	97.90
	41006.74
	41.01
	54.99
	41.26
	0.31
	768.88
	0.00355688
	26.20197189

	96.86
	41079.93
	41.08
	55.09
	41.34
	0.31
	760.74
	0.00358875
	26.01559616

	95.81
	41134.56
	41.13
	55.16
	41.39
	0.32
	752.46
	0.00361188
	25.88340747

	95.04
	41302.24
	41.30
	55.39
	41.56
	0.32
	746.43
	0.00366313
	25.62531125

	94.57
	41595.70
	41.60
	55.78
	41.86
	0.32
	742.78
	0.00368625
	25.64548712

	93.84
	41765.21
	41.77
	56.01
	42.03
	0.32
	737.03
	0.00371438
	25.55502262

	93.32
	42020.37
	42.02
	56.35
	42.28
	0.32
	732.91
	0.00377750
	25.28149226

	93.01
	42369.62
	42.37
	56.82
	42.64
	0.33
	730.51
	0.00382563
	25.17094534

	92.89
	42802.13
	42.80
	57.40
	43.07
	0.33
	729.58
	0.00386500
	25.16883876

	92.99
	43331.85
	43.33
	58.11
	43.60
	0.32
	730.31
	0.00387375
	25.42277718

	92.43
	43557.70
	43.56
	58.41
	43.83
	0.32
	725.96
	0.00393063
	25.1855057

	92.24
	43951.50
	43.95
	58.94
	44.23
	0.32
	724.48
	0.00396375
	25.20082526

	91.53
	44089.06
	44.09
	59.12
	44.37
	0.33
	718.84
	0.00399250
	25.09766254

	90.60
	44117.82
	44.12
	59.16
	44.39
	0.33
	711.58
	0.00400688
	25.02393504

	89.71
	44155.36
	44.16
	59.21
	44.43
	0.33
	704.61
	0.00400875
	25.03351439

	88.64
	44089.88
	44.09
	59.13
	44.37
	0.33
	696.16
	0.00406063
	24.67705394

	87.35
	43906.91
	43.91
	58.88
	44.18
	0.33
	686.05
	0.00405688
	24.5973667

	85.85
	43603.58
	43.60
	58.47
	43.88
	0.34
	674.28
	0.00407125
	24.34118248

	84.54
	43380.00
	43.38
	58.17
	43.65
	0.34
	663.98
	0.00409625
	24.0685746

	83.48
	43274.19
	43.27
	58.03
	43.55
	0.34
	655.67
	0.00410563
	23.95504436

	82.48
	43186.35
	43.19
	57.91
	43.46
	0.34
	647.80
	0.00410875
	23.88823606

	81.02
	42845.51
	42.85
	57.46
	43.11
	0.35
	636.32
	0.00412313
	23.61707736

	79.60
	42514.51
	42.51
	57.01
	42.78
	0.35
	625.21
	0.00412125
	23.44528797

	78.19
	42168.93
	42.17
	56.55
	42.43
	0.35
	614.11
	0.00413688
	23.16687579

	77.34
	42113.99
	42.11
	56.48
	42.38
	0.36
	607.41
	0.00417250
	22.93914988

	75.95
	41753.93
	41.75
	55.99
	42.02
	0.36
	596.48
	0.00414125
	22.91464881

	74.88
	41558.91
	41.56
	55.73
	41.82
	0.36
	588.10
	0.00415500
	22.73214686

	73.90
	41404.91
	41.40
	55.52
	41.66
	0.36
	580.44
	0.00413500
	22.7574507

	73.12
	41350.67
	41.35
	55.45
	41.61
	0.37
	574.31
	0.00423500
	22.19097898

	72.54
	41402.15
	41.40
	55.52
	41.66
	0.37
	569.75
	0.00429750
	21.89547075

	72.32
	41651.27
	41.65
	55.86
	41.91
	0.38
	567.97
	0.00436000
	21.71146198



SFC against Engine Speed

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	0.36259026726403709	0.35347202552110368	0.34037298876228228	0.31999359243958109	0.30865537349541744	0.30946121832120271	0.29236823626761427	0.27781911341973298	0.27494560709643079	0.26575630780182202	0.26611556253324253	0.26890330375764965	0.26650142877454003	0.26543125591411398	0.26127113944830166	0.26096576583284559	0.26747768279903716	0.27100346302788758	0.27095342620242696	0.26924452672655952	0.27069568585087356	0.26742521778731948	0.26523248299929059	0.26376579576546411	0.26347444104030193	0.26202124122047382	0.26209809928512207	0.26485444055868856	0.26627675830941788	0.26443990904827491	0.26596729252474666	0.26607237530528849	0.26986901109017625	0.27080814350291832	0.27278288115130367	0.27574598093264835	0.27385267502024346	0.27427107660453853	0.27857254397804404	0.28219887734068316	0.28709266653130933	0.29380496594028327	0.29467531673409858	0.29895542583246981	0.29749999545884054	0.29917212175418106	0.29593351963364051	0.29406998103739312	0.29515657702783116	0.29188975120663657	0.29502367038830629	0.29323011839286955	0.30080359213006497	0.2998303349041419	0.30407558910629884	0.30087532149952079	0.30225056604626266	0.30532398633705321	0.30505749972431451	0.3112624815207875	0.31225963507624394	0.31449666316106356	0.31610282348979962	0.3192865874603672	0.31903539766046191	0.32016477947699751	0.32362876754602005	0.32505009530867951	0.32507730128335455	0.32183022820858265	0.32486217579869925	0.3246646923940758	0.32599921081791527	0.32695969551958665	0.32683458085412881	0.3315557116834581	0.33262984127618805	0.33613067842990763	0.33993779508429822	0.34154886374644911	0.34250407446488257	0.34643652379044337	0.34897494931708029	0.35316881982771414	0.35667486480148047	0.35705623292584188	0.35992281029205803	0.35952261474745667	0.36870019078525018	0.37367628567617989	0.37684326323627776	Engine Speed (RPM)


SFC



Torque Against Engine Speed

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	83.433490399999997	83.825878656	84.586997663999995	85.011201184000001	86.318074335999995	87.704077760000004	89.317682687999991	91.201309471999991	93.217091967999991	94.452992607999988	95.43355536	96.088623487999996	96.645798495999998	96.891347072000002	96.796717055999991	96.963951135999991	97.553757183999991	97.839278783999987	98.036696575999997	98.666475647999988	99.652748831999986	100.21400272	100.989805696	101.80395014399998	102.08376131199999	102.810617728	103.32618815999999	103.458343872	103.35066144	103.238084352	103.145085888	102.982746464	102.919115936	102.66296227199999	101.89939593599999	101.096672352	100.90251766399999	100.65778486399999	99.948059743999991	99.391700512	99.287281183999994	98.809236447999993	98.810052223999989	98.587345375999988	98.379322496	98.578371840000003	99.225282207999996	99.672327455999991	100.285791008	100.72794159999999	100.689600128	101.32345807999999	101.21006521599999	101.129303392	101.00530543999999	100.96614819199999	100.75567798399999	100.072873472	99.652748831999986	98.858998783999994	97.896383103999995	96.860347583999996	95.806364991999985	95.037903999999997	94.573727455999986	93.841976383999992	93.317432416000003	93.011516415999992	92.893228895999997	92.986227359999987	92.432315455999998	92.243055423999991	91.525988319999982	90.600898336	89.713334047999993	88.637325503999989	87.350030975999985	85.852266239999992	84.540498431999993	83.482436959999987	82.479848255999997	81.018711862399996	79.604645743999995	78.190987513599993	77.338256860799987	75.94678773759999	74.878936953600004	73.904247788799992	73.124039622399991	72.543370265600004	72.316421382399994	Engine Speed (RPM)


Torque (Nm)



Brake Power Against Engine Speed

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	8.7371346834664845	9.2171367598239673	9.7437226498494454	10.237704995979101	10.847049128239808	11.480436932528498	12.159323616625683	12.893281372575199	13.666339461398067	14.342086671531749	14.990667821246541	15.596684538245251	16.193158962952165	16.741622928679778	17.232098461035232	17.769572132194007	18.38845001396021	18.954554833387512	19.506119830540307	20.148041878337946	20.871222909375998	21.513490940018599	22.208818216340998	22.920902167981524	23.518410269830163	24.2241811023985	24.886674179595097	25.460211223099272	25.97485429788399	26.487113935292339	27.003320339969086	27.500036377713226	28.021928006669459	28.489726712804178	28.811375430999771	29.113751623313274	29.586163434047425	30.041446958259602	30.35295538912273	30.704409888702447	31.192019316255848	31.559201085405117	32.076829864000025	32.520734396866928	32.967227393981297	33.550084617333589	34.289795939852951	34.966166773386185	35.706471819553066	36.391308554304892	36.904665939752171	37.667515398952226	38.155295682231532	38.654360986206868	39.135828150413971	39.649313677655691	40.09421771651914	40.346486195817867	40.698884673283203	40.892336068939137	41.006741063005101	41.079927113196504	41.134558231554628	41.302236040957787	41.595697835772199	41.765212344228843	42.020368285295355	42.369623017404038	42.802127201959941	43.331852565948921	43.557702478629579	43.9514992984817	44.089063786194089	44.117823076257061	44.15536435063153	44.08987535089215	43.906914496806785	43.603577241035069	43.379995438115792	43.274188758455985	43.186347558375083	42.845511315021049	42.514512944364625	42.16892648469112	42.113985263190472	41.753927323532807	41.558910889427615	41.404905809489989	41.350670222137339	41.402145635238007	41.651268660622797	Engine Speed (RPM)


Brake Power (kW)
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