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1. Carbon nanotubes 

2. Artificial neural Networks 
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Table 1- Specifications of all equipment and devices used in this experiments 

                                                           

1. Multilayer Perceptron 
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Test Engine: Lombardini Model 3LD510, single-cylinder, four-stroke, direct injection, air-cooled, common rail fuel system (pump-line-

nozzle) with a governor controlled, cylinder volume of 510 cm3, 9 kW power at 3000rpm, rated speed 3000 rpm, 32.8 Nm peak torque at 

1800 rpm, compression ratio 17.5:1, nozzle operation pressure 200 bar, fuel injection timing 60° bTDC, emission standard EURO 2. 

Dynamometer: Model WE400, Eddy current dynamometer, Maximum torque of 80Nm, Maximum speed of 10000 rpm. 

Emission Analyzer: AVL DITEST GAS 1000, Mobile petrol/gas emission tester, Emission diagnostics of HC, CO, CO2, O2, NOx, and 

lambda. 

Accelerometers: Multi-Purpose Accelerometers, CTC AC102-1A, Frequency Response (±3dB) 0.5-15000 Hz, Dynamic Range ± 50 g peak, 

Resonant Frequency 23000 Hz. 

A/D converter: Advantech USB-4711A, 16 Single input channels A/D, Converting 12 bit A/D, Maximum sampling frequency of 150 kHz. 

Other Devices and Sensors: -Ultrasonic homogenizer: Hielscher UP400S, Germany-Fuel flow meter: volumetric type, brand OVAL, made 

in Japan-Exhaust gas temperature sensor: thermocouple type K (0 to 1000°C)-Humidity measurement sensor: (3% to 99%)-Ambient air 

pressure: (700 to 1100 mbar)-Ambient temperature sensor: PT100 (-10 to 60°C). 

 

 ���H2- "����� 'L� � "����	�.M�E�� ���C�4��N� �� "�#  

Table 2- The ranges and accuracies of the measurements of the calculated results 
Parameter Measurement range Accuracy  

Speed  0- 10000 rpm ± 5 rpm 

Torque  0- 80 Nm  ± 0.05 Nm  

Power 0-92 kW ± 0.07 kW 

Flow rate 0.1-30 l/h ± 0.02 l/h 

SFC - - 

LHV -45000 - 

Kinematic Viscosity  0.2-20000 mm2/s - 

Dynamic Viscosity 0.2-20000 mPa.s - 

Density 0.65-3.0 g/cm3 0.0001 g/cm3 

Humidity 3-99 % ± 0.5 % 

Temperatures 0-1000 °C ± 1 °C 

Ambient air pressure 700-1100 mbar ± 1 mbar 

CO 0-15.0 vol. % ± 0.01 vol. % 

CO2 0-20.0 vol. % ± 0.01 vol. % 

O2 0-25.0 vol. % ± 0.01 vol. % 

HC 0-30000 ppm vol. ± 1 ppm vol. 

NOx 5000ppm vol. ± 1 ppm vol. 
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Table 3- Specifications of the tested biodiesel and diesel  
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Properties Diesel Biodiesel (tested) biodiesel (Standard) Units 

Flashpoint 164 171 >130 ˚C 

Kinematic viscosity at 40 ˚C 2.67 4.12 1.9 – 6 mm2/s 

Density 0.827 0.890 0.87-0.9 g/cm3 

Cloud point - +9 -3 – 12 ˚C 

Pour point - -2 -15 – 10 ˚C 
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Figure 1- Scheduling of equipment for measurement and testing method: 1) Fuel consumption meter, 2) Gas temperature sensor, 3) 

Humidity sensor, 4) Ambient temperature sensor, 5) Ambient pressure sensor 
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Figure 2- Functional nanoparticle MWNT-COOH 
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1. Feed-Forward 
2. Activation function 
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Figure 3- Schematic diagram of artificial neural network 
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1. Levenberg–Marquardt (LM) 
2. Validating data 
3. Testing data 
4. Epoch 
5. Back propagation error 
6. (RMSE(Root mean squared error) 
7. Mean Square Error (MSE)  
8. Mean Absolute Error (MAE) 
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Figure4- Optimization values for artificial neural network parameters 

Number of hidden 

layers 
Learning rule 

Type of activation 

function 

The number of hidden layer 

neurons 

Testing data 

% 

Validating data 

% 

Training data 

% 

1 
Levenberg 

Marquardt 
Hyperbolic tangent 10 -8  10% 20% 70% 

1 
Levenberg 

Marquardt 
Sigmoid 10 -8  10% 20% 70% 

1 
Levenberg 

Marquardt 
Liner 10 -8  10% 20% 70% 
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Table 5- Neural Network Relationships 

Reference Formula Number Formula 
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Table 5- Some of the best MLP neural network topologies to predict train value 

 Sigmoid 

Performance power Turque SFC CO CO� UHC O2 NO+ 
MSE 0.0818 0.6689 744.9403 0.0225 0.0596 36.2330 0.0576 125.1095 

NMSE 0.1456 0.1958 0.1796 0.3268 0.3268 0.1113 0.0285 0.0945 

MAE 0.2215 0.6767 22.6775 0.1217 0.2051 4.6252 0.1958 9.0346 

Min Abs Error 0.0131 0.0913 5.0149 0.0125 0.0025 0.2664 0.0089 0.3675 

Max Abs Error 0.7999 1.6437 63.0354 0.3359 0.3855 15.9205 0.4451 21.7144 R� 0.9494 0.9417 0.9208 0.8243 0.8400 0.9516 0.9891 0.9535 

 Hyperbolic tangent 

MSE 0.1551 2.4076 1034.7466 0.0728 0.1251 64.3319 0.8248 334.7495 

NMSE 0.3137 0.6219 0.2268 1.2732 0.7190 0.1742 0.3737 0.2821 

MAE 0.3035 1.2852 25.9557 0.1995 0.2867 6.4985 0.7014 15.1675 

Min Abs Error 0.0032 0.2270 5.9458 0.0006 0.0128 0.5324 0.0061 0.2899 

Max Abs Error 1.0757 3.0036 79.6401 0.6643 0.6719 15.8035 1.8537 35.3336 R� 0.9437 0.8670 0.9174 0.3459 0.6505 0.9244 0.9188 0.9168 

 Liner 

MSE 0.4855 0.9272 2032.9553 0.0452 0.1144 68.3673 0.3900 837.0596 

NMSE 0.8534 0.2753 0.5045 0.7212 0.7869 0.1766 0.1842 0.5632 

MAE 0.5762 0.8806 37.2059 0.1765 0.2090 6.8282 0.5304 24.8656 

Min Abs Error 0.0307 0.0189 4.8576 0.0124 0.0000 0.5077 0.0568 0.7154 

Max Abs Error 1.1797 1.6015 103.6646 0.3870 0.8935 15.6484 1.4376 47.0640 R� 0.5077 0.9715 0.7474 0.7535 0.6633 0.9471 0.9797 0.6665 
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Table 7- Values of Run and Repeat at different network types 

Network type   Training  Evaluation  

Sigmoid 
Run  1 3 

Repeat  207 8 

Tangent hyperbolic 
Run  1 4 

Repeat  1163 7 

Liner 
Run  1 4 

Repeat  16 3 
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Figure 4- Sensitivity coefficient of output parameters relative to fuel combinations and engine speeds 
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Figure 5- Comparison of predicted and actual data for engine power, torque and specific fuel consumption 
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Figure 6- Comparison of predicted and actual data for CO, CO2 and UHC 
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Figure 7- Comparison of predicted and actual data for O2 and Nox 
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Figure 8- Training process diagram using Sigmoid, Tangent hyperbolic and Liner activation functions  
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Blended biofuels such as biodiesel and bioethanol besides adding carbon nanotubes as catalyst to diesel fuel 

significantly improve the engine performance and reduce emissions. In this study, biodiesel (5%) was initially 

added to the diesel fuel to evaluate engine performance and its emissions. The studied fuels were prepared as 

MWENT-COOH nanoparticles (30, 60, and  90 ppm) were added to the fuels of B5 (5% biodiesel and 95% 

diesel) and E6 (6% bioethanol and 94% diesel) and E3 (3% bioethanol and 97% diesel). Experiments were 

performed in triplicates and a multilayer feed-forward back-propagation (FFBP) artificial neural network 

(ANN) was used for modeling the obtained results. Fuel type, engine speed, density, viscosity, the thermal 

value of the fuel, inlet manifold pressure, fuel consumption, exhaust gas temperature, oil temperature, oxygen 

in the exhaust gases, relative humidity and pressure of inlet air were considered as independent or inlet layer 

parameters. Output layer parameters included engine performance and emission. The results represented the 

decrease in emissions of CO and unburned hydrocarbons and specific fuel consumption as well as an increase 

in nitrogen oxides emissions. Considering the regression coefficient (R�) and MSE, the ANN model based on 

the sigmoid learning function was introduced as the optimal one in comparison to the linear and hyperbolic 

tangent networks. The values of R� were also obtained for training, evaluation, and testing of the optimal 

network model. In conclusion, it can be mentioned that ANN was the most effective model in simulating the 

obtained data and investigating the sensitivity coefficient. 
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