Bl g Co g eyl - cale 4 i
\vaa QLMU ‘Ha c)Lo...i: ‘w.ma}:.w JLM)

bolo & o4l « oy jumST g9l 5o ole a5 sLallgil T g5l Sk
ooliswl b J 30 y9ig0 S (Suu¥T g0 ,Slos p Joililow 9 Jpogmw o 30 & guw
(S gan (omas dSou )

Tl sle 0013 i daml o T (g phuol (e g 5L S
leilashakeri96@gmail.com «)5,5 «)I5 5 oo milin 5 (55,0l pole olRiils ¢ piumwgn SilSe (pwaigee cdld )l pwliss IS -0
aliasghari809@gmail.com « 5,5 5,5 ks molio 5 (55,5LaS pole olKiils (uivmgn SlSe swaiige Lobiwl =Y
ahmadtza@yahoo.com ;5 3 5,5 ks mbis 9 (55,9liS pale oKl (pinnmgn SlSs gwaige Loisls -¥
bloes oaius g
GRIERVAR SENJURVRL VAR J) REPRHES U IR O PRRLVVA RYA & W PPRC )

o J520 SS9 b g5l Glsieay (0,5 Sladlgdsil 5 Joillse cJnogm sl (s S s oS 5 oSy
Sy ol e Gale3T 5L 0 50 (Glaccgus angd sl ol iz 50 35 00 b San VT (1ol 5 5390 52 o Slas
09,5 b bele ()5 Ldlgdell (e b a8l 5o CE g 4 5eST sl Sl bele (05 slaalglgil 07
10 Updsm 9 0@ Jpo Lo, # o ¥ Joillen plaw 90 ;0 (1 ppm 5 £+ ¥+ slaclale) COOH jloy5.S]
ey (6 S0l o s8I Vi cede aS b (e (Bt ol o iy plowl 1S5 a0 latales] ol oS 5
g 5> ) 9515 (B e 590 S g g5 0l )] 5390 0 Sas (neS (sl (FFBP) gl>ayg ) Uas
5 Susb) (79> Sl 50 99290 (il bEg; Slod (9P Sl Sles cES g B ran (5399 ABlyuix jLid
syl lsiea g SVl g0 ,Shee g Jitae b 99,5 4Y slo il (lgieds baome slon (oo jLad
UHC 5 CO la Sau¥l Lol egias grac aSid jloaslowwod mls a4y ax g5 b aiold aid )3 Jla3 o >g 5 4y
(s gaSns 0] b b o LS At moss ial3dl anls NO, il o Lol wndly il o3y o g b paa 5
e plgieas ety Sgyyem SISl 5 (as 00l JSA5 glaaSed x5 2 MSE 5 R? (500 aSCul Jeoay
o 9 Bodls Giluad 3 1) (ceslie UlE (egian (orac aSLl a5 555 Gl (lFn cEgezmeys A (Brre Ay

el 0l s ] s a5

e o 450D b sileoe o) Al gise slreat¥T gige o Shes 1y jlganls

doddo
0alS o g0l o U L o gl oolau] palS ail Cais axwgi () aiulgsl glas jsliws 51 (S s
.[\].xsjla ol G5l sanl jo e LB pliaass Glagipl Sl mle sl e pae la oVl ol el
g_)La..JL?u kSlM‘s 6L®u_‘>5.w 6[.‘>=L| LQQT ‘s.ajial} 9 Lbu}ﬁ...u u.a‘ o)la.)é as o (SRS ‘5.....9) 6Lbu.‘>5...u u\)?)))u.\.h.\.h.\.?ﬂ
g o Jpose [Vlamen Jsblsn 5 Jpomm oler 0 @l ) Gloc s ipte 95K Oyp0 sl is
s ES g (| CoH5OH  Sloonds Jao,8 b 10,5 90 (glylo el ASU s 5 JgbT L Joililgu .l ppdyasame g 4y 5o

VoY



L_;ﬂ).wé.c oo‘)‘& J.o.’>|5 Lgf‘ua“_;.c sd)sL.u)u

Srte g Sl Ghls LJo aen 4y aS el 055 JoSg0 10 ST @31 SO slhlo g 0l oYL LST sae 3
L]

Yo il bl 5 Coslie o S 2SI s by pamis sl Sy Jedoa WONT) )8 sladlglgil sl sla Lo 5o
Gl b (05 sladlgdgil wles 57l 09 ((Keal (B slaanl B j0 S Bl b plpea 1) ook axgs
Loy ool comizman aiiS oo Sl |y boosjglyd 5 ,SaisTy slge JUilg J&s 550 slaoyi o JSislals) slaasss Jbsly
ool 2 SOT (0,5 sladlgdgil (SIS cuale aSST Jdoay ol claglie 55 S8 S5 5 65k 5 sl Sl laos s
slowl a8 59, o0 Ul (e JUIS ol 0l 50 gl co colaiul el sla P> o @l SausTy nliEl jslacea
50,5 Wl 4l zobaw (59, » JUd 51 CHIeSe @je )0 alpes A Aol mhaw (59, 2 jlo0 ST (el slaog S
el (0,5 el ploed Gilu alls (o 5o 09h sl JLd 5L Sl wd; g pliaes £9,8 sl 2o
sl gl 05 (suuaiil (wiVlgsS 1l g (aiVlgsS Sl by, awd 93 4 g o | Ladlgdil (e s Jule gl oo 5
5 bosiaST obale 5 g5 loj dod ozl (elge ol (29, (2 sl (lrond GgmmslinST 35S (ole (gloog &
35,108 5 sasobl ele slaog 5 5 gmlanST g,

hrgi S50 Slodiyl3h ybods diadish (Sl Nyl omdly 5 Laseie sl ol a5 Llos gl e sl Lo 4
Stz 1y Sledlol oyl 4 azigs Lly, wiledbl 55l b baSids ol wilasgozme ol 5l e loaSids 5 )5 13
95y Jaa 53 a0yl alid 5 Jyane 5 el (slagis, 5l ooliial wrienss ablie (orae sloaSad by, 08 0
Sl (o ot 0 Cunsi jobinl (oras aSid 5o Lol ilnSls jlade o S S0 (62518 wpjle polie o
ploul Sl g 9,135 oo S 59590 o Sau¥l g 0,8lee (59, 0L lo,eSB as Sl 5laus oo Lads | laools 28l
5 0,5kee b bL3,l jo (ol Olidxs 09 oo ooliiwl coac aSi sloJas 5l @)l 0939 OV plad jo ialejl
sl 0 00l s A &y Sl (6355 4 6 sbos cens] 418,F g0 s (clraS 3l ool U j5ige sl SanY
OS2 95 Sjl5 slaled «(539,9 lyome JLad (9w (5> (5551 (59515 ( JB wile (63,190 45 Cunl el Ll
Sk sras 4ol | ool b bacas (nl a5 ol f5e ygige (Sanl g oSlas opd g (sS SRE )0 252
Ir-0laigs co oolitul pius Cundy ol 5 Gilotend $lp Gloy Slasrw 5 (Fyuan omas SBASE 05b
Ol 2o a8 Pl 51 (F sl st (omiigs pole 5o AL I (gloo 2nS Elgil U (sl (egran oras laaSid
Eyan sras 8oh Sy Srpin Ul g W8T 18 eolitul 390 (e (2955wl 42)38 B)lie gile e sla s,
sleasis sl S5y 5l S Trvlel Jaas sloosls 5l ooliul L JPESI IS INUORIPIC P S P [P EICE
lap| sl (58 oz Ll 4 5L (g ol B o slaz sy 5 6959 O Ll Elyl o bap)] (Ul (cas
Sleogas (pl il b gl 5 (@l Skl cpl ST o S Laiye 6,500 lad L) samainr lad Sy w0
Luly) &5 (63,100 55 eizman g il cenlio Caio 5 (55)9L85 )0 (i 5 009l arbsiye Sl sl 4 0ud s
IAals s o9 SIS omac a5t ol a8

40 ayg,e ;) @L:mi\j L a5 jsbas a5 aiied died 08 (55le Jow G SESS(ANNS) coiae cuac gloaSls
Frore Silodoe GSESS aland ouste bl (fovae orac GaaSid WS oo )5 Sjelsn 550k o alidl>
JSie (o2 ) laaie; S50 5 (owlidionsdy Slapasilie Cunle 0)b)0 (Slans B ma (bl Wil oo 15 i oo 51
Gl Joo doaiges 5l lacgorme 5l qpeiins jsboas yiie (o a3 ee 5 b3 Ly, 650k Uy 5wl Lol
el a8 axien ol Sl 3518 sl s, cpsael, 5 5l S eatas omac loaSd (uizen [V e ) Jaias

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

1Multilayer 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 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.

Dynamometer: Model WE400, Eddy current dynamometer, Maximum torque of §0Nm, Maximum speed of 10000 rpm.

Emission Analyzer: AVL DITEST GAS 1000, Mobile petrol/gas emission tester, Emission diagnostics of HC, CO, CO,, O, NO,, 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).
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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 V/h +0.02 1/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. %

CcO2 0-20.0 vol. % +0.01 vol. %
02 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 19-6 mm?2/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 anoparticle MWNT-COOH
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Figure 3- Schematic diagram of artificial neural network
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1Levenberg—Marquardt (LM)
2Validating data

3Testing data

4Epoch

SBack propagation error
6(RMSE(Root mean squared error)
7Mean Square Error (MSE)
8Mean Absolute Error (MAE)
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Figure4- Optimization values for artificial neural network parameters
Number of hidden Learning rule Type of activation | The number of hidden layer |Testing data | Validating data | Training data
layers £ function neurons % % %
1 ﬁ;‘;‘iﬁ Hyperbolic tangent 10 -8 10% 20% 70%
Levenberg . . o o o
1 Marquardt Sigmoid 10 -8 10% 20% 70%
1 Levenberg Liner 10-8 10% 20% 70%
Marquardt
mas 4l bulgy -0 Jgue
Table 5- Neural Network Relationships
Formula Formula Number | Reference
eX —_ e X
tanhx = ——— 1 20
anhx = — i" = ey [20]
Sig X = m (2) [21]
i (P = 0)?
RP=1-="0 3) [22]
(P —0)*
r= _ 2?:1(Pi - Oi)z (4) [22]
(P = 0)?
(5) [23]
(6) [23]
) [25]
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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 | O, 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 10.7535]0.6633] 0.9471 [0.9797| 0.6665

Al syl (gl Wodls 1,55 g gy prolio -V Jgo

Table 7- Values of Run and Repeat at different network types
Network type Training | Evaluation

Sigmoid Run 1 3
Repeat 207 8
. Run 1 4
Tangent hyperbolic Repeat 1163 7
Liner Run 1 4
Repeat 16 3
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English Abstract

Modeling the effect of adding oxygen functionalized multi-walled carbon
nanotube to diesel, biodiesel, and bioethanol fuel blends on performance
and emission of a diesel engine using artificial neural network
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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 BS (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.

Keywords: Engine performance, Engine emissions, Carbon nanotubes, Artificial neural network modeling
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