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1. Artificial Neural Network
2. Multi-Layer Perceptron
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1. Feed Forward Back Propagation
2. Train Levenberg-Marquardt
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Table 1: Specifications of all equipment and devices used in the experiments

common rail fuel system
(pump-line-nozzle) with a
governor controlled,
cylinder volume of 510
cm?, 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.

Maximum torque of
80Nm, Maximum

speed of 10000 rpm.

tester, Emission
diagnostics of HC,
CO, CO,, 0, NOy,
and lambda.

Converting 12 bit A/D,

Maximum sampling
frequency of 150 kHz.
Accelerometers:
Multi-Purpose
Accelerometers, CTC

AC102-1A, Frequency

Response (+3dB) 0.5-
15000 Hz, Dynamic
Range + 50 g peak,
Resonant Frequency
23000 Hz.

Test Engine Dynamometer Emission Analyzer A/D converter Other Devices and Sensors
Lombardini Model 3LD510, | Model WE400, AVL DITEST GAS | Advantech USB- -Ultrasonic homogenizer:
single-cylinder, four-stroke, | Eddy current 1000, Mobile 4711A, 16 Single input | Hielscher UP400S, Germany
direct injection, air-cooled, | dynamometer, petrol/gas emission | channels A/D, -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).

odbdmwlne guli 50 (5 S0 jluil Cds g dld -Y Jguo

Table 2: The ranges and accuracies of the measurements in the calculated results

Parameters Measurement range Accuracy
Speed 0- 10000 rpm +5rpm
Torque 0- 80 Nm +0.05 Nm
Power 0-92 kW +0.07 kW
Flow rate 0.1-30 I/h +0.02 I/h
SFC - -

LHV -45000 -

Kinematic Viscosity 0.2-20000 mm?/s -

Dynamic Viscosity 0.2-20000 mPa.s -

Density 0.65-3.0 g/cm® 0.0001 g/cm®
Humidity 3-99 % +05%
Temperatures 0-1000 'C +1°C
Ambient air pressure 700-1100 mbar + 1 mbar

Cco 0-15.0 vol. % +0.01 vol. %
CO, 0-20.0 vol. % +0.01 vol. %
0, 0-25.0 vol. % +0.01 vol. %
HC 0-30000 ppm vol. + 1 ppm vol.
NOy 5000ppm vol. + 1 ppm vol.
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1. Carbon Nanotubes
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Figure 1- a) Typical TEM image b) Typical SEM image of carbon nanotubes added to diesel-biodiesel blended fuel.
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Table 3- The specifications measured based on ASTM standard for diesel and biodiesel fuels

Properties Diesel Biodiesel (tested) biodiesel (Standard) Units
Flashpoint 64 176 130 min °C
Cetane number 57 62.5 47 min -
Kinematic viscosity at 40 °C 3.28 4.73 1.9-6.0 mm?/s
Water and sediment 0.05 0.05 0.05 max % vol.
Density 0.827 0.880 glem®
Cloud point 2 -1 - °C
Pour point -2 -4 - °C
Free Glycerol 0.01 0.016 0.02 max Mass%
Copper corrosion la la No0.3 max -

(01,855l 425018 (slod 1) ASTM o luslicw! (wlu!  oolisw! 8 90 CSgw S 3l &0 —F Jgua
Table 4- The some characteristics measured based on ASTM standard for tested fuels (at 15 °C)

Fuel Kinematic viscosity (mm?/s) | Density (g/cm®) | HHV (MJ/kg) | LHV (MJ/kg) | Cetane index
BO 5.4459 0.8270 45.61 42.80 57.00
B5 5.6761 0.8297 45.56 42.76 57.210
B10 5.8481 0.8340 45.46 42.69 57.47
B5CNT30 ppm 5.6441 0.8295 45.56 42.76 57.33
B5CNT60 ppm 5.5871 0.8295 45.56 42.76 57.40
B5CNT90 ppm 5.4841 0.8295 45.56 42.76 57.53
B10CNT30 ppm 5.6949 0.8319 45.52 42.73 57.59
B10CNT60 ppm 5.6894 0.8319 45.52 42.73 57.61
B10CNT90 ppm 5.6694 0.8319 45.52 42.73 57.75

1. Transmission Electron Microscopy
2. Scanning Electron Microscopy
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Figure 2- The schematic of equipment for of measurement and test methods [30]
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1. Root Mean Square
2. Kurtosis
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1. Shocks
2. Manifold
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works[30]
Performance Emissions Ref
Type of fuel with additives Power | Torque | BTE | SFC CO | UHC | NO,
Fuel blend of BSCNT90 3.67%7 | 3.67%7 [8.12%1]| 7.12%] 65.7%] | 44.98%] | 27.49%1 | Present
Diesel with the addition of CuO 1.0%7 1.0%7 - 0.5%] 5% 8%] 2%] S[tz;i]y
IAmide-functionalized MWCNTs-CeO, catalyst on| 7.81%1 | 4.91%7% - - 38.8%)] | 71.4%] | 18.9%| | [38]
diesel-biodiesel blends (B5 and B20)
Nano-aluminum oxide additive (ANP) mixed with - - 7.34%1| 7.66%)] 48%)] |26.04%] | 7.95%1 | [36]
the biodiesel
Nano-organic additives on emulsion fuels with - - 14.2%1 - - - 30.6%] | [42]
different water concentrations (10% and 15%)
Ferric chloride (FeCls) added on biodiesel - - 6.3%7 | 8.6%| 52.6%| | 26.6%| | 4.1%7 [40]
CERIA+ CNTs added to E20 blend - - 7.5%71 | 7.69%)] 222%1 | 7.2%] 0% [39]
Diesel with the addition of Al,O; 3.28%71 | 3.28%1 | - 1.2%) 11%] | 13%] 6% [41]
s a5l 8 Sdos glaylro (5l (2551 0590 Aliske Gla 4 5 (laodMS —F Jgur
Table 6: Summary of different networks evaluated to yield the criteria of network performance
Neurons in
Activa'tion Training | hidden layers MSE R Epoch Time
function rule Layer 1|Layer 2 Training | Validation | Testing Training | Validation | Testing )
Log/Pur trainlm 15 - 0.0005 102.5115 | 80.6567 0.9999 0.9976 0.9984 5 0
Log/Pur trainlm 20 - 0.0000 92.4811 45,1581 0.9999 0.9982 0.9986 4 0
Log/Pur trainlm 25 - 0.0000 103.4039 | 32.2409 0.9999 0.9975 0.9994 3 0
Log/Pur trainlm 30 - 0.0000 118.6550 | 46.8883 0.9997 0.9973 0.9994 2 0
Tan/Pur trainlm 20 - 0.0000 95.0538 34.9387 0.9999 0.9978 0.9993 5 0
Tan/Pur trainlm 25 - 0.0000 37.1392 125.9905 0.9999 0.9992 0.9972 4 0
Tan/Pur trainlm 30 - 0.0000 74.4718 86.3081 0.9999 0.9984 0.9975 7 0
Tan/Tan/Pur | trainlm 20 10 0.0109 132.2933 | 168.2283 0.9999 0.9976 0.9931 7 0
Tan/Tan/Pur | trainlm 20 15 0.0024 127.8106 57.2299 0.9999 0.9976 0.9983 A 1
Tan/Tan/Pur | trainlm 20 20 0.0000 157.0597 11.3877 0.9999 0.9959 0.9973 o 1
Log/Log/Pur | trainlm 20 15 0.0084 28.9931 | 233.8780 0.9999 0.9992 0.9936 6 1
Log/Log/Pur | trainlm 20 20 0.0000 73.2181 46.5543 0.9999 0.9985 0.9994 4 1
Log/Log/Pur | trainim 20 10 0.0110 232.9992 24.7820 0.9999 0.9946 0.9945 | 35 2
Log/Log/Pur | trainlm 15 15 0.0065 67.1109 65.5810 0.9999 0.9988 0.9989 6 0
Log/Tan/Pur | trainim 25 25 0.0000 41.3771 99.1907 0.9999 0.9990 0.9979 8 1
Log/Log/Pur | trainlm 25 25 0.0000 159.3914 | 49.8249 0.9998 0.9964 0.9985 3 1
Tan/Log/Pur | trainlm 25 25 0.0000 143.5292 37.8593 0.9999 0.9965 0.9990 5 1
Tan/Log/Pur | trainlm 20 20 0.0000 149.4408 18.7637 0.9997 0.9972 0.9997 5 1
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Modeling the effects of Carbon nanotubes added to diesel-biodiesel fuel
blends on performance and emissions of a diesel engine using artificial
neural network
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Biodiesel and some nano-catalysts are an important additive to diesel fuel and can improve the engine
performance and reduce emissions. In this study, biodiesel was added to pure diesel with ratios of 5 and 10
percent. Then, the carbon nanotubes were mixed as additive with these blends with concentrations of 30, 60,
and 90 ppm to evaluate the performance, emissions, and vibration levels in a diesel engine. An ANN model,
based on standard back-propagation learning algorithm for the engine, was developed. Multi-layer perception
network (MLP) was used. The input or independent parameters were fuel blend, engine speed, fuel density,
fuel viscosity, LHV, intake manifold pressure, fuel consumption, exhaust gas temperature, oxygen contained
in exhaust gases, oil temperature, relative humidity and ambient air pressure. The target parameters were
performance, emissions and RMS and Kurtosis of engine vibrations. The results showed that the specific fuel
consumption and CO and UHC emissions decreased, while NOx emission increased. Also, the ANN model
showed the training algorithm of back-propagation with 20-20 neurons in hidden layers (logsig-logsig) is able
to predict different parameters with good performance and accuracy. The corresponding R-values for training,
validation and testing were 0.9999, 0.9985 and 0.9994, respectively.

Keywords: Biodiesel with Carbon nanotubes, Emissions, Vibration, neural network
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