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Tablel- The fuel samples and ratio of nanoparticle composition

NO. Sample Final ppm Al (ppm) Al% Si (ppm) Si% Biodiesel%
1 B5AI30Si0 30 100 0 0
2 B5AI21Si9 21 75 9 25 5
3 B5AI15Si15 30 15 50 15 50
4 B5AI9Si21 9 25 21 75
5 B5AI0Si30 0 0 30 100
6 B5AI60Si0 60 100 0 0
7 B5AI42Si18 42 75 18 25
8 B5AI30Si30 60 30 50 30 50 5
9 B5AI18Si42 18 25 42 75
10 B5AI0Si60 0 0 60 100
11 B5AI90Si0 90 100 0 0
12 B5AI63Si27 63 75 27 25
13 B5AI45Si45 90 45 50 45 50 5
14 B5AI27Si63 27 25 63 75
15 B5AI0Si90 0 0 90 100
16 B5AI120Si0 120 100 0 0
17 B5AI84Si36 84 75 36 25
18 B5AI60Si60 120 60 50 60 50
19 B5AI36Si84 36 25 84 75
20 B5AI0Si120 0 0 120 100
21 B5 0 0 5
22 D 0 0 0
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Figure 1- Diesel engine used to test emission and performance'
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Table 2- Neural Network Relationships

No. Formula References
1 Tanh= £ [12]
L, (Pi—0)?

2 R? = 1- 52000 [13]
_ T (Pi—0))?

3 R= [1-=20=5 [12]
Pi—0;)?

4 MSE =y, =00 [14]

5 RMSE =[x, $-20- [12]

6 MAE = E?=1|:i—0i| [14]
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1. Multi-layer perceptron

2. Feed-Forward

3. Activation function

4. Levenberg—Marquardt (LM)

5. Validating data

6. Testing data

7. Epoch

8. Back propagation error

9. RMSE (Root mean squared error)
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Table 3- Results of engine measured properties for different fuel samples

' S| Heat value | 1079U8 Egs\l;er (S:r;er}\csltf:gp?c:?\ 002 co SOZ NO ©| NOx
point | point (Nm) |7 ) (grikwhy | (@) | (ePm)| (%V) | (ppm) | (ppm)
B5AI30Si0 | 0.8341 3.67 10 75.75 | 11124.25 29.1 |4477.32 254.76 1291525 | 58 338 355
B5AI21Si9 | 0.8348 3.65 8.66 | 76.25 | 10404.76 | 29.1 |4486.46 252.53 13 | 1183 | 57 346 363
B5AI15Si15 | 0.8347 3.68 10 76.75 | 10645.45 29.1 |4498.64 240.27 13 1054 | 57 342 359
B5AI9Si21 | 0.8349 3.7 8.66 76.5 9914.78 29.46 |4551.21 243.01 13 |1218 | 57 335 352
B5AI0Si30 | 0.8348 3.71 8.66 | 69.25 | 10640.25 | 28.92 | 4440.5 249.50 13411193 | 54 317 333
B5AI60Si0 | 0.8347 3.72 9.66 | 73.25 | 10153.03 | 29.04 |4462.01 235.26 1321397 | 56 317 333
B5AI42Si18 | 0.8349 3.71 9.66 63.5 | 10396.42 | 29.04 |4471.13 232.20 13.3|1127| 55 317 333
B5AI30Si30 | 0.8349 3.68 8.66 68 10391.4 | 28.56 |4370.32 240.04 133]1212| 55 297 312
B5AI18Si42 | 0.8364 3.69 9.33 | 72.75 | 9664.33 | 29.16 |4492.66 250.78 13 | 1506 | 5.7 320 336
B5AI0Si60 | 0.8347 3.68 8.33 73 10876.75 | 28.62 |4334.57 264.84 13.1]1416 | 56 287 301

Density Cloud | Flash

fule gricm3 Viscosity

B5AI90Si0 | 0.8349 3.67 9 67 10398.22 | 28.92 |4416.33 247.48 13311205 | 55 312 328
B5AI63Si27 | 0.8666 3.66 8.66 | 71.25 | 10154.33 | 29.16 |4501.81 251.77 134|875 | 54 333 350
B5AI45Si45 | 0.8366 3.69 9.33 70.5 29.16 | 4504.87 239.19 13.3] 981 | 55 336 353

B5AI27Si63 | 0.8347 3.69 8.66 | 72.25 | 10636.52 | 29.16 |4507.92 241.08 133] 784 | 55 332 349
B5AI0Si90 | 0.8349 3.67 8.33 72 10157.53 | 29.16 |4507.92 242.89 132 835 | 56 335 352
B5AI120Si0 | 0.8349 3.66 7.66 71.5 28.74 |4346.73 248.73 13.7] 908 | 5.2 271 285
B5AI84Si36 | 0.8348 3.67 8.33 | 73.25 | 10149.42 | 29.1 |4477.32 244.30 135] 827 | 53 311 327
B5AI60Si60 | 0.8349 3.68 8.66 | 73.25 | 10635.39 | 29.58 |4560.46 251.79 13.3] 1158 | 55 310 326

B5AI36Si84 | 0.8368 3.66 9 75.25 | 10650.07 | 29.16 |4507.92 250.28 12911015 | 58 329 345
B5AI0Si120 | 0.8352 3.67 10 70.75 | 25431.33 | 29.22 |4514.13 248.53 12.7] 988 | 5.9 338 355
B5 0.8359 3.69 8.66 68 10638.06 | 29.4 |4538.87 241.30 12.7] 907 | 59 354 372
D 0.8329 3.68 9.33 69 10879.74 | 29.16 | 4486.55 250.54 124]11905| 6.1 333 350
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Table 4- Some of the best MLP neural network topologies for predicting training

Statistic Torque Nox NO CO;, CO Brake Power
Sig-1 0.00731 28.85976 25.84754 0.00876 10112.79904 155.45618
Sig-2 MSE 0.0007 4.3919 3.9464 0.0009 1498.7534 21.1012
Tan-1 0.0579 239.8783 267.0914 0.0246 60081.6417 3093.1841
Tan-2 0.0470 92.3785 67.0503 0.0162 37483.8316 1846.8412
Sig-1 0.12515 0.06702 0.06557 0.27510 0.26311 0.04641
Sig-2 NMSE 0.0192 0.006981 0.0121 0.0119 0.0202 0.0192
Tan-1 0.7895 0.4769 0.5848 0.5356 0.7990 0.6898
Tan-2 0.7152 0.2306 0.1841 0.3771 0.4363 0.4534
Sig-1 0.07061 4.11963 3.81530 0.08569 76.73197 10.52216
Sig-2 MAE 28.8724 0.004453 1.7856 1.7131 0.0235 28.8724
Tan-1 0.2016 13.4481 13.6310 0.1357 206.1025 47.1355
Tan-2 0.1938 8.0176 6.9912 0.0932 154.9635 38.3278
Sig-1 0.00146 0.30079 0.05061 0.00508 0.43633 1.69916
Sig-2 Min Abs 2.2626 0.000077 0.2811 0.2750 0.0049 2.2626
Tan-1 Error 0.0204 1.1537 1.1710 0.0021 2.0592 0.4494
Tan-2 0.0520 1.4864 1.8740 0.0028 9.6830 1.5485
Sig-1 0.15588 13.95824 13.50522 0.15323 253.67441 27.40713
Sig-2 Max Abs 94.8749 0.013680 3.9611 3.9698 0.0716 94.8749
Tan-1 Error 0.5017 28.0720 30.0264 0.2646 467.9805 111.2149
Tan-2 0.4669 23.5947 17.9768 0.3051 517.6405 69.3389
Sig-1 0.93581 0.96843 0.96943 0.97245 0.93289 0.97772
Sig-2 R 0.9905 0.996543 0.9940 0.9942 0.9910 0.9905
Tan-1 0.5727 0.8505 0.7951 0.6974 0.5156 0.7839
Tan-2 0.8313 0.9379 0.9471 0.8526 0.8249 0.8744
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Table 5- Ratio of two sigmoidal networks and hyperbolic tangents in different layers

tan2/sig2 tan1/sigl tanl/tan2 sigl/sig2

Brake Power MSzE 87.52304 19.89747 1.674851 7.367172
R 0.882786 0.801763 0.8965 0.987097

MSE 25.01001 5.941149 1.602868 6.747474

CO R? 0.832392 0.552691 0.625045 0.941362
o, MSE 18 2.808219 1.518519 9.733333
R? 0.857574 0.717158 0.817969 0.978123

NO MSE 16.99024 10.33334 3.983448 6.54965
R? 0.952817 0.820173 0.83951 0.975282

NO MSE 21.03384 8.311861 2.59669 6.571133

X R? 0.941154 0.878226 0.906813 0.971789
Torque MSZE 67.14286 7.920657 1.231915 10.44286
R 0.839273 0.611983 0.688921 0.944785
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Table 6- Some MLP neural network topologies for predicting values of values training and evaluation

Network Train Validation
. Execution 1 3
Sig-1 -
Iteration 118 14
Execution
Sig-2 k 1 4
Iteration 134 37
Execution
Tan-1 - 1 2
Iteration 107 4
Execution
Tan-2 - 1 1
Iteration 53 6
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Investigation of the impact of SiO,_ Al,O3; nano-composite to biodiesel-diesel
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Biodiesel is one of the clean and renewable energy resources that can be a good alternative to fossil fuels. In
this study, a biodiesel (B5) was blended with the diesel. This study was divided into two parts. In the first
part, we compared the results of additives of Al,Os, SiO, and SiO, Al,O; nano-composite to biodiesel fuel
on the performance parameters and the emission. In the second part, the performance of neural network in
predicting performance and emissions was investigated. Initially, adding Bs to diesel fuel was led to reduce
CO emissions and fuel consumption, and increase torque and brake power. In the next step, alumina and
silica nanoparticles were added separately to the diesel-biodiesel blend at 30, 60, 90 and 120 ppm. The results
showed that SiO, compared to Al,O5; improved the performance and reduced emissions which resulted in
21.6% increase in brake power at 90 ppm, 8.1% decrease in CO2, 56.16% decrease in CO, 3.05% decrease in
fuel consumption and a very slight increase of 0.57% and 0.6% in NOy and NO, respectively. Then
SiO,_Al,0; composite samples with different ratios were added to diesel-biodiesel fuel. Among the nano-
composites, B5AI60Si60 had the highest power and torque, resulting in 1.44% increase in torque and 1.64%
increase in brake power compared to diesel fuel and a reduction of 39.21%, 9.9%, 10, 6.9% and 6.85% in CO,
CO2, NO and NOX, respectively. A multilayered neural network with one and two hidden layers and two
types of sigmoid activation and hyperbolic tangent were used to analyze the results. The MSE and R values
for brake power, CO, CO,, NO, NOy and torque were 21.10 and 0.9905, 1414/75 and 0.9910, 0.0009 and
0.9940, 3.94 and 0.9965, 0.00079919, and 0.9905 respectively. In total, the best network is that with the
sigmoid activation function and the hidden layer.

Keywords: Biodiesel, Neural Network, Multilayer Perceptron, Renewable Energy

Y4


mailto:maryam.jabraili74@gmail.com
mailto:najafib@uma.ac.ir
mailto:nematollahzadeha@uma.ac.ir

