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1. [bookmark: _Toc30002875]Introduction

This report is the investigation into the performance and characteristics of an internal combustion engine through testing output using an engine dynamometer.  
The aims are to describe dynamometers and the procedure used to enable the collection of raw data from a D16 Honda engine.  This data is used to calculate the engines torque, power, specific fuel consumption (S.F.C) and thermal efficiency values which can be presented graphically throughout the engines rev range in order to assess its overall performance.
These results will be analysed and compared to give an understanding of how power outputs differ depending on the test conditions and how the results can be improved through further testing or engine maintenance. 


















2. [bookmark: _Toc30002876]Research and Literature Review

A dynamometer is a device used to measure the torque required to operate an engine at a driven load.  (T. Martin, 2014, p. 34)  The first system invented by Gaspard de Prony in 1821 and referred to as the ‘Prony Brake’, was used to test the performance of engines and other machinery, however, it wasn’t until the late 1800’s when dynamometers became widely used to measure the torque produced by steam engines.
The oldest type of dynamometer, still in use today, is the ‘water brake system’, which consists simply of two half couplings, a rotor and a stator.  Water brake dynamometers can test engines of all applications from two horsepower lawnmower motors with minimal output to marine engines that produce thousands of horsepower.  (T. Martin, 2014, p. 34)
Power output can be tested by either using an engine or a chassis dynamometer.  Engine units require the powertrain to be removed from the vehicle and mounted to the test rig, whereas, chassis units test the power output at the driving wheels using either rollers or direct hub mounts which reduce the risk of tyre slip producing unreliable data.
Although engine dynamometers are more effective at testing engine output, vehicles loose between ten to twenty five percent of their power through their drivetrain.  This is due to frictional losses in the gearbox, differentials, driveshafts and bearings, therefore, to gain a true depiction of a vehicles overall output a hub mounted chassis dynamometer will give the most accurate result. (X-engineer, 2016)
The two main types of dynamometer currently used are ‘inertia dynos’ and ‘steady state dynos’.  (Dtec, 2012) Inertia dynos use the engine to accelerate an inertial mass where torque is calculated using the mass’s inertial value and the rate of its acceleration.  Steady state, often referred to as ‘brake dynos’ apply either a mechanical or electrical load to the engine whilst running.  Torque is then applied to the brakes housing which is restricted from rotating using an electronic load cell and the force value read by a sensor. (Dtec, 2012)
(B. Bergeron, 2015) Steady state dynamometers can incorporate a rotary transducer that constantly measures the torque of a rotating arm, however, dynamometers without, measure force through a torque arm.  In this case the outer housing is free floating, whereby rotation is prevented by radially mounting the torque arm which incorporates a load cell transducer in its linkage and converts the applied force into a torque signal. (B Bergeron, 2015)
3. [bookmark: _Toc30002877]Experimental Procedure 

This reports methodology describes the process of testing a Honda D16 engine using a DSG eddy current dynamometer.  An eddy current dyno is a steady state water cooled electromagnetic break.  Load is controlled by increasing the amp input which in turn increases the electromagnetic field between the dynos coils and rota therefore creating resistance.
The DSG dynamometer can carry out four types of test in order to fully understand an engines output and characteristics.  ‘Step tests’ are used to test from a set engine speed to another whereas ‘manual tests’ enable the controller to apply any load at any RPM using dials for both speed and resistance.  ‘Test sequence’ is utilised to simulate a driving route using a range of engine loads at different speeds.  For the purpose of the experimental procedure the ‘sweep test’ is utilised, which tests the force emitted through the engines whole rev range.

Equipment required:
· Honda D16 engine (pre-installed)
· DSG dynamometer 
· DATA Q Pro V2.6 XX computer software 
· Secondary torque arm
· 20.45 kg calibration weight and hanger assembly 
· Weighing scales (kg) 
[image: ]
Firstly, to check calibration, fit an additional torque arm to the dynamometers outer housing and hang the calibration weight from its external mounting point as per Figure 1. 
Figure 1. Dynamometer Calibration

Next calculate the load (W) emitted by the hanging mass:


[image: ]Using the calculated load value and dynamometers radius (R) (stated on the torque arm as ‘Length’ in Figure 2.) calculate the torque (T) produced by the calibration weight: Figure 2. Torque arm specifications




This value is compared with the software readout for load to check the dynamometers calibration.  If incorrect, to minimise errors, use the software’s torque readout to re check the value of the hung mass using the following equation:



Using the weighing scales measure the calibration weight and hanging assembly to ascertain whether the weights value has been marked incorrectly or if the dynamometer requires calibration.
[bookmark: _GoBack]To begin test, turn on the engine by pressing the ‘start’ button on the control panel and allow the engine to idol until reaching a running temperature of 90°c.  Set the dynamometer software to ‘sweep test’ and select test duration (greater test duration increases quality as more data is collected throughout test period).  To prevent initial bogging at the tests start, set dynamometer to run for a short period above idol before the initiating the ‘sweep test’ and press begin to initiate.
The engine speed will increase to a maximum set engine speed and will decrease slowly until it reaches idol.  The dynamometer supplies the data for ‘load’ (N), ‘engine speed’ (RPM), ‘fuel flow rate’ (l/min) and ‘lamda’ in RPM increments (dependant on test duration) from 1000 RPM at idol to 5500 RPM.  Once complete allow to run at idol momentarily in order to lower the running temperature, after which the engine can be cut off to conclude the test.
Ensure to record the ambient temperature (°c), barometric pressure (mbar) and humidity (%) to enable further calculations.  Also note the fuel type and supplier to enable research of the fuels calorific value. 
Lastly, create a spreadsheet and import the raw data values supplied by the dynamometer’s software in order to carry out further calculations and graphically analyse the derived data.
4. [bookmark: _Toc30002878]Results 
	Table 1. Dynamometer raw data.

	
	
	

	
	
	
	

		Load
	Dyno Speed
	Fuel Flow Rate
	Lambda

	(Newtons)
	(RPM)
	(l/min)
	(Lambda)

	83.49
	1000
	0.0704
	1.269

	85.13
	1050
	0.0724
	1.2682

	87.82
	1100
	0.0737
	1.2674

	90.01
	1150
	0.0728
	1.2667

	92.04
	1200
	0.0744
	1.266

	93.90
	1250
	0.07895
	1.265

	97.03
	1300
	0.079
	1.2633

	100.10
	1350
	0.0796
	1.2614

	102.87
	1400
	0.0835
	1.26

	105.44
	1450
	0.0847
	1.2587

	107.92
	1500
	0.08865
	1.2568

	109.77
	1550
	0.0932
	1.2541

	110.59
	1600
	0.0959
	1.2521

	111.32
	1650
	0.09875
	1.25

	111.89
	1700
	0.10005
	1.2474

	112.41
	1750
	0.10305
	1.2456

	112.81
	1800
	0.1093
	1.2435

	113.42
	1850
	0.11415
	1.2416

	113.95
	1900
	0.11745
	1.2397

	114.65
	1950
	0.12055
	1.238

	115.36
	2000
	0.12555
	1.2361

	116.41
	2050
	0.12785
	1.2339

	117.41
	2100
	0.1309
	1.2288

	118.37
	2150
	0.13435
	1.2227

	118.86
	2200
	0.1377
	1.2161

	119.33
	2250
	0.14105
	1.2095

	119.97
	2300
	0.14495
	1.2032

	120.37
	2350
	0.14985
	1.1995

	120.85
	2400
	0.1537
	1.1961

	121.77
	2450
	0.15565
	1.1929

	122.51
	2500
	0.1596
	1.191

	122.29
	2550
	0.1626
	1.189

	122.06
	2600
	0.16805
	1.1863

	122.02
	2650
	0.17145
	1.1824

	122.13
	2700
	0.17465
	1.1783

	121.84
	2750
	0.1784
	1.1739

	121.81
	2800
	0.18005
	1.1688

	120.84
	2850
	0.1831
	1.1641

	120.51
	2900
	0.1879
	1.159

	118.94
	2950
	0.19255
	1.1541

	117.67
	3000
	0.199
	1.1493

	117.51
	3050
	0.20605
	1.1449

	117.15
	3100
	0.21005
	1.1402

	116.67
	3150
	0.21605
	1.1356

	116.79
	3200
	0.21795
	1.1312

	116.76
	3250
	0.22305
	1.1263

	116.42
	3300
	0.2255
	1.122

	117.35
	3350
	0.2285
	1.118

	117.59
	3400
	0.2342
	1.1141

	118.53
	3450
	0.23605
	1.11

	119.20
	3500
	0.24195
	1.1056

	119.66
	3550
	0.24545
	1.102

	120.26
	3600
	0.25505
	1.0988

	119.91
	3650
	0.25755
	1.0951

	120.13
	3700
	0.26445
	1.0917

	120.18
	3750
	0.2651
	1.0888

	120.11
	3800
	0.2693
	1.0854

	119.78
	3850
	0.27375
	1.0824

	119.18
	3900
	0.2759
	1.0795

	118.53
	3950
	0.28285
	1.0768

	117.87
	4000
	0.28455
	1.0739

	117.14
	4050
	0.2871
	1.0715

	116.54
	4100
	0.28895
	1.0685

	116.64
	4150
	0.29305
	1.0663

	115.85
	4200
	0.2949
	1.0644

	115.54
	4250
	0.29715
	1.0624

	115.03
	4300
	0.3022
	1.0607

	114.38
	4350
	0.30605
	1.0593

	113.81
	4400
	0.3092
	1.0583

	113.46
	4450
	0.3099
	1.0573

	113.20
	4500
	0.31445
	1.0563

	112.37
	4550
	0.3171
	1.0555

	111.14
	4600
	0.3194
	1.0546

	110.13
	4650
	0.32055
	1.0542

	108.90
	4700
	0.3207
	1.0538

	107.67
	4750
	0.32485
	1.0533

	106.29
	4800
	0.32455
	1.0529

	104.86
	4850
	0.3257
	1.0529

	103.66
	4900
	0.3277
	1.0527

	101.90
	4950
	0.32845
	1.0525

	99.84
	5000
	0.3287
	1.0523

	98.22
	5050
	0.32985
	1.0523

	96.56
	5100
	0.3297
	1.0521

	94.47
	5150
	0.33095
	1.0518

	92.52
	5200
	0.3338
	1.0515

	90.36
	5250
	0.3313
	1.0508

	88.54
	5300
	0.3324
	1.0508

	87.60
	5350
	0.3308
	1.0504

	86.40
	5400
	0.3388
	1.05

	85.38
	5450
	0.3438
	1.05

	84.61
	5500
	0.3488
	1.05
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Using the raw data obtained from engine testing, calculations are made to enable analysis.  As calculations are required for every increment of data, Microsoft Excel is utilised for inputting equations due to the programs ability to quickly calculate rows of data and produce graphs for comparison.
The values required to carry out calculations as explained in the ‘Experimental Procedure’ are as follows:

Radius of the torque arm (R):		.815776 m
Ambient temperature (Ta): 		21 °c	
Barometric pressure (Pa): 		1.041 Bar
Humidity:				33 % 
Engines bore (d):			0.075 m
Engines stroke (L): 			0.0774 m
Fuel calorific value (C.V):		45800LkJ/kg                                                                                                                           (The fuel calorific value can be researched if the supplier and fuel quality is known, however, can differ slightly batch to batch)
Using the tests raw data and values, calculations are made as follows:
Torque (T) – “The moment of force about a given point is the product of the force and the perpendicular distance of the line of action of the force to that point.” (S.J. Zammit, 1987, p. 270)       (W = Load (N) R = Radius at which loads acts (m))
			                                                                                                                                        

Brake Power (BP) – “The rate of transfer of energy” (S.J. Zammit, 1987, p. 271)                                                               (N = Engine Speed (RPM))
			                                                                                                

Correct Power (Ps) – Precise calculation of power, taking ambient pressure and temperature into consideration. (1.01325 = Standard atmospheric pressure)
			                                                                      
	
Specific Fuel Consumption (S.F.C) – “Amount of fuel consumed for each unit of power output.” (Collins, 2018) (V = fuel flow velocity (kg/hour), .75 = specific gravity of fuel, convert BP in W to kW by dividing by 1000)
								                                              				
Piston Area - 				

Brake Mean Effective Pressure (B.M.E.P) – Pressure available throughout a stroke to carry out work with frictional losses taken into consideration. (A. Summerfield, 2019) (n = number of cylinders)	
			B.M.E.P = 	 		        
Brake thermal efficiency (ⴄt) – An engines ability to convert fuel into mechanical energy.	
			 

Once all values are calculated and organised using Microsoft Excel (see appendices for full Excel spread sheet), graphs are produced to visually analyse the data.  This enables comparison when carrying out further tests in different conditions or after any changes are made to the engine to help increase its output. 



Figure 3. Torque vs Engine Speed graph.








 

 


Figure 4. Power vs Engine Speed graph.













Figure 5. S.F.C vs Engine Speed graph.













6. [bookmark: _Toc30002880]Discussion

Figure 3 is a visual representation of the calculated torque against engine speed.  The torque curve rises to its peak of 122 Nm at 2550 RPM, it then dips and rises again to 120 Nm at 3600 RPM before dropping further in a linear manner as engine speed increases until the tests conclusion.
The torque dip occurs, due to the intake valve opening and inlet pressure wave becoming inconsistent with one another between 2550 and 3600 RPM.  The traveling pressure wave should return as the intake valves are opening and be encouraged into the cylinder by the vacuum created by the falling piston.  This torque dip could be resolved with a ‘variable intake manifold’ (VIM) which shortens the runner length at high load and increases its length at low loads to keep the intake valve opening in correlation with the return of the pressure wave.  (Mohiuddin, Rahman, Arfah, Farraen, 2008, P. 185)
The researched torque specifications for the Honda D16 state that peak torque of 152 Nm should occur at 4300 RPM, which shows a difference of 30 Nm.

Figure 4 visually represents power against engine speed.  The linear power curve increases until it reaches a peak of 43.75 kW at 4650 RPM before dropping until the tests end.
Also, the graph compares brake power (BP) and corrected power (Ps) through the rev range.  Ps is a value derived from BP with temperature and pressure considered.  The graph clearly shows the difference between the two values becomes greater as engine speed and therefore heat caused by friction incrementally increases.
The researched Honda D16 specifications state that its peak power should be 81 Kw at 5600 RPM and therefore the test engines power has been decreased by half, however, it is believed the engine originated from Japan whereby it had been restricted to adhere to the countries stringent emission laws.  This could have been achieved by reducing the size of the inlets or adjusting the fuel and air mixture controlled by the ecu as the engine is fuel injected. 

Figure 5 illustrates how S.F.C varies with engine speed.  The data shows that the engine is most fuel efficient at 2500 RPM, after which the curve fluctuates until 3000 RPM before efficiency continues to decrease until the end of the test.
Specific fuel consumption starts high due to a loss of heat energy at low speed then decreases as the test engine enters its midrange.  This is due to its good volumetric efficiency between 2300 and 3100 RPM and therefore directly corresponds with the rise in torque curve.  S.F.C then begins to rise due to greater frictional losses and the engines inability to completely fill the cylinder with fresh charge at greater engine speeds.
Another critical variable in S.F.C is the fuels calorific value.  Calorific value is the amount of heat energy released per unit of fuel burnt in combustion, therefore, the lower the calorific value the greater the S.F.C as the engine will require more fuel to output the power required. (S.J Zammit, 1986, P. 285)
[image: ]







Figure 6. Example of Power and Torque curve, Honda Engine (Team-BHP)



Figure 6 shows comparative data from a passed test, using a similar engine showing both torque and power curves laid over one another.  The two curves express many similarities to the test described in this report.  The Power curve rises in a linear motion before falling off at high RPM.  The Torque curve increases until mid-range where a similar dip occurs then it rises to its peak value, which differs from the test engine, before falling toward the end of the test due to reduced efficiency at greater engine speed. 
This comparative data proves that internal combustion engine values can differ due to history, capacity or design, however, all are subject to the same limitations and loss of efficacy at high engine speeds.

7. [bookmark: _Toc30002881]Conclusion

To conclude, power increases in a linear manner through the rev range until reaching its maximum point before falling toward the end of the test as the RPM increases. This is mainly as a result of the fall in brake mean effective pressure due to increased frictional losses.  
The increase of torque directly correlates with the reduction of S.F.C as the engine reaches its mid-range whereby it is most efficient.  However, when engine speed is increased, the torque value drops and S.F.C rises due to an incremental reduction in brake thermal efficiency as per figure 7.

Figure 7. Brake Thermal Efficiency vs Engine Speed graph.







8. [bookmark: _Toc30002882]Evaluation  

This report successfully describes the operation of several dynamometers and the operation to gain data from a Honda D16 test engine, using the DSG eddy current dyno to enable analysis of engine performance throughout its rev range.
Using the raw data derived from the sweep test, formulas have been utilised and explained in order to calculate values for Torque (T), Brake power (BP), Corrected ower (CP), Specific fuel consumption (S.F.C), Brake mean effective pressure (BMEP), and Thermal efficiency (ⴄt) in order to fully understand the engines characteristics.
Then, using the calculated data, graphs have been generated to enable visual analysis of the test engine’s performance.  Using the graphs, investigation into the rise and fall of torque, power and S.F.C has been carried out and an understanding of the running characteristics of the internal combustion engine have been improved.
Finally comparing the test graphs to researched graphs (figure 6) for a similar engine, it is evident that there have been no large anomalies or issues with the test.  This is clear due to the comparative similarities of the torque and power curves for both tests.












9. [bookmark: _Toc30002883]Further work

In order to improve the data, further tests can be carried out on different days to gauge how ambient temperature and pressure will affect the engines performance.  Also, general maintenance such as servicing is likely to have a positive effect on the engines output as there is no clear record of when the oil, filters and spark plugs had last been renewed.
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Torque (T) vs Engine Speed (N)
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Torque (Nm)



Power (BP & Ps) vs Engine Speed (N)

Brake Power (BP)	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	7132.2560465340785	7636.1847450410614	8252.8670654367343	8843.2374912173345	9435.7139968241918	10026.731603384736	10776.014422920687	11543.903036953478	12303.308829463844	13060.364086453836	13828.827275836047	14534.781890613098	15116.471527546342	15690.90584484003	16250.213160207037	16804.944766427721	17347.51626888966	17924.47871772082	18495.465582917957	19099.323381514467	19710.023850181395	20386.73780308499	21062.772712393802	21741.706615511077	22339.029925360945	22936.760661367683	23572.131306174011	24164.847566403947	24778.029155897944	25485.430655873086	26165.116730356884	26639.402564245811	27111.766182420295	27624.287394107319	28169.193761852828	28624.482045324858	29135.566818638312	29421.527746634823	29854.07851650643	29973.715551081234	30157.684131142556	30618.253284417027	31023.360246235199	31395.06871001497	31926.83297249546	32417.541214553403	32819.743959150837	33584.038865543589	34153.490047534076	34933.627563334143	35639.916476496313	36289.985803423398	36985.770434515623	37389.644671038652	37971.407435743648	38498.637776375952	38991.310021446465	39393.747819595941	39706.938395742924	39996.884787299547	40277.940931176861	40527.980453009783	40819.734145210947	41352.219238584352	41568.311804090794	41949.511207960619	42256.611285403691	42506.206817193874	42778.28391538337	43132.373809584882	43515.464088695524	43678.121146705453	43674.182693855757	43749.107319420764	43723.12606680223	43692.537764563756	43583.817661628018	43447.037387991295	43389.705214943227	43091.427480819948	42646.54945799704	42373.464241239919	42071.608469713399	41560.309536496985	41100.60746965892	40527.776739931345	40088.769832497113	40034.988012767266	39855.68028347224	39752.94934504242	39754.868426709487	Corrected Power (Ps)	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	6953.9676146678739	7445.2993653307249	8046.5661814111281	8622.1788339505729	9199.8449196267629	9776.088575057187	10506.641211878474	11255.334545210377	11995.757106185951	12733.887889107124	13483.141434852321	14171.448962870831	14738.597824413371	15298.672731027993	15843.998772652516	16384.863486331145	16913.872068208337	17476.411909441475	18033.125541576308	18621.888416591904	19217.322912165859	19877.120721187632	20536.256460993682	21198.218727066826	21780.610459091189	22363.399432644983	22982.887412109903	23560.787259147641	24158.640853779027	24848.359098511017	25511.054733561574	25973.484616538375	26434.040334350688	26933.749807012406	27465.034888423634	27908.942111880755	28407.251053509222	28686.063678767463	29107.801769178353	29224.448179307215	29403.81800836496	29852.874093184302	30247.854401600041	30610.271090282804	31128.74258594988	31607.184358266757	31999.333047575277	32744.52250690401	33299.738844043299	34060.374887458674	34749.008357244922	35382.82758881004	36061.219357113179	36454.997755260374	37022.217916564608	37536.268827006759	38016.625507209086	38409.003374323045	38714.364975131481	38997.063437401965	39271.093885786679	39514.883049533557	39799.343634485856	40318.517942089617	40529.208737890833	40900.879117073258	41200.302466300731	41443.658738637336	41708.934594854247	42054.173133809258	42427.687121115428	42586.278162479946	42582.438161028789	42655.489859722831	42630.158072961531	42600.334401213608	42494.332026937394	42360.970915531783	42305.0719023649	42014.250360101592	41580.493167005399	41314.234392645158	41019.924254899044	40521.406506825631	40073.195833466358	39514.684428768836	39086.651587968532	39034.214178231814	38859.388690413951	38759.225766620351	38761.096876080759	Engine Speed (RPM)


Power (W)




Specific Fuel Consumption (S.F.C) vs Engine Speed (N)

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	0.44417923015249716	0.42665285201693753	0.40186034425413281	0.37045256369667345	0.35482211532978292	0.35432782491162862	0.32989933573571323	0.31029366658170726	0.30540564754430743	0.29183719341739289	0.28847348516462129	0.28854922155444129	0.28548328835442716	0.28320544676911258	0.27705790414029491	0.27594556628737765	0.28352761996370862	0.28657737169905051	0.28575922981259527	0.28402838632757099	0.28664348876209023	0.28220552280460476	0.27966403476090773	0.27807154732217804	0.27738447106717323	0.2767282657612003	0.27671447758699536	0.2790520395988364	0.27913842366085267	0.27483349583444766	0.27448759636785464	0.27466832194730012	0.27892871121408108	0.27929227240974114	0.27900159537555252	0.28045922323723538	0.27808794832908168	0.28005003924184113	0.2832276332134962	0.28907827543880987	0.29693924643081437	0.30283406156023457	0.30468169550224866	0.30967442975841042	0.30719457856810434	0.30962403760263957	0.30918888375942566	0.30617222785999088	0.30857754171922258	0.30406948092470559	0.305493140175573	0.30436082449384844	0.31031528788404728	0.30997218887659589	0.31340028731191905	0.30986810674429471	0.31080002168007276	0.31270825148228693	0.31267835047516768	0.31823103393396468	0.31790974672413236	0.318779762909221	0.31854078112670681	0.31890065981502203	0.31924558453427571	0.31875818370590425	0.32181946413429929	0.324005622501914	0.32525848927278794	0.32331862979683784	0.32517750405139217	0.32669674485474792	0.32909602683926237	0.32971529898157892	0.33006560367963811	0.33457086147685233	0.33509570256986199	0.33734175863625254	0.33986172358049044	0.34299745596914166	0.34683931497361298	0.35029588129718758	0.35264874673571206	0.35834069009812458	0.36546905081850001	0.36785881682255966	0.373121950673443	0.37182476475958515	0.38253016612847446	0.38917867114001664	0.3948195685501143	Engine Speed (RPM)


S.F.C (kg/kWh)



Brake Thermal Efficiency (ⴄt) vs Engine Speed (N)

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	17.696149381039298	18.423085587206113	19.55968564980591	21.217998683279752	22.152683469089997	22.183586656492523	23.826243818297911	25.331686899461232	25.737120685017061	26.933722589264626	27.247779823674467	27.240628016217368	27.533177350035004	27.754628657060472	28.370466574934422	28.48482805680495	27.723090998117694	27.428062313964151	27.506590124450181	27.674212815011927	27.421735768983485	27.852970170877779	28.106088133404683	28.26704883842935	28.337065800738831	28.404261440775819	28.405676772956205	28.167728213108532	28.159011237677824	28.600087427001387	28.636128235826337	28.617286307380407	28.180182579701452	28.143499785780236	28.172821012558192	28.02639869712814	28.265381710939891	28.067348356790571	27.752454517065356	27.190773837300796	26.47094347821427	25.955673441212941	25.798274477160415	25.382341108582114	25.587241953851809	25.386472153758305	25.422201190291027	25.67268123458943	25.472566684343299	25.850216815018012	25.729749624545335	25.825472190138882	25.329921907265806	25.35795884534306	25.08058328903353	25.366476373833358	25.290416539367932	25.136087619929214	25.138491349940363	24.699860071989985	24.72482234259525	24.657343166956284	24.675842072500689	24.647995439372757	24.621364834850862	24.65901241295105	24.424445643391653	24.259646940809464	24.166200938544531	24.31119423484115	24.172219513350349	24.059811224101306	23.88440262930536	23.839542881426244	23.814241535942653	23.493564185587172	23.456767569541984	23.300590002582972	23.127823651115147	22.916385739726262	22.662546226432323	22.438922146689634	22.289210103515249	21.935164568057409	21.507325972281038	21.367605312896711	21.066200995537081	21.139694699506961	20.548084059058809	20.197052386526348	19.908491460032391	Engine Speed (RPM)


Brake Thermal Effiancy (%)
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