Journal of Agricultural Machinery
Vol. 8, No. 2, Fall - Winter 2018, p. 423-434

B

S ISAe ot

323U sagmilo 4 pid

A FYF-FYF (o AFAY 055 Jluuas Y o )bt A alr

Gl e oo 4 dns s s 50 Jy s CF e g0 Shes s aSl (g5luag

#\

WAS[ YN 2o pdy Fo,l

LRV

4 B8 ol 2 Ml LS jlend ude Jollon g Jjigm cend S3d slacdgw oS 5 Sy o ol (st Mol i

23530 9US 5 55 slaaseiio 59y » JPBl 5 J3d9m 2> Slocdgw LUS] Ciliseo (sladio > (yiznod 5 y5g0 St 95 586 (g
b g dieS jglaiody Jitme (glayuiio ding bl 5 15 (sl gl daw (s)lol g 3l oalil L laiulef] (2l 0 a3l , OM 314 5
= 82939 Slipite U by polaiods gunly s b oalital b odel sy py> a2y (sl Jo ol Cunday el o (35 iy
A 695 5 555 Loy Syl 5 Jinogm ol (sloduos o8 ol (i gulis o9 o gine (30> S i 3) (5l Lloxd 1 Gl sk 5
OlF Ol yidin b oo (8IS ygige 19liiS g Gl (liee Bl LIS g )3 Cogu g5 93 pl clale (IBIL (g ) 3> cdgm b
Ot Gopen U8 3T (D10oBoBo) palls Jjd cogw sl g a8y o y9d YA« + s p 5 (303 Vev) JolS )L 3 (SlyghS VA) sje
Cwddey o (5390 YVO Oliae dr g (103 Vo) JolS 5L )3 4l 2 )93 VPY'e s ps )3 5 (D100BoEo) palls Jjes e 9w sl yglisS (e

9> Olo 48 Ny ases ol gl sl sl Sllas
> slacd g ailes Lacd g (2l jl (15 Sl )ygige
Sl 4y oo 45 el (gl il e b Lol Ll e
059y 3l Jmols S (e dusliio ad dalge Ad oo (o 55
5 0500 ol ples slacdl o i slacsgu 5 ol SOt
By 45w opl 4 gl .cd )8 plool (Y +4) o, Ken ¢ Kapilan
S oy Sl erab GRal (Jp s5se )0 Jpdge jl edlitul &
Yool Jlo o Usta o)l Jlid 4 1) Cdgw Gpas jab ili8l 4
ORlPl S g3 ekl J3d Cagw plgisa (i A ()
ey U3l crsomls L) 38 adasMe (g 5 jgliiS
y i i aw b aiulos] blste (pis odiun s (YA/AMI kg™
ol )‘)_9 UMJLA)T d)9—0 Yeoo nm 9 ATARES u_l)-h) )9_:540 t_i.: JLl
WA Co AV badse So g3 olgs g 0liiS Jlade o i
sKapilan .5, 1y (ol Jpge 2lo)S 55, &Sl w5 le
D9 \jl; sy )y X\'
Silw (5d eige 3,Slee o (Yoo A) o) Ken 9 Zenouzi

ol

29iS sl o g (9w (Jp 1goalS slaol

.

LY RY-T

01 Ghglans (ol (SBCEg0 dangs & Slaag i 1]

Stadly Lol el dop cuiS oMol 4y KoS y 09Me &S o
s9bdn 5 (55l pinlnaes plie jlas (ewd clacdgw 4
9 JpUlgm o3ugan g Ladsllad salsd il oS (sloasljd
cloal (Rl glacssw plaisan (Jndgw il byl
Ng-dee gl il plinios gl jl 4l bla s & alas
St Jpmly ol iy Bl o 3081 (0015 Mo (sl Lol asly
JSSe Jpblan )y sy >yt Gials jslaieas (VL
9 omly Coomw omly dje (P Clgru Cled & ABL e
el sl o Comddn pliios wlie jl 4l el 4 ixen
Pang et al., ) 2 0 olasl caslio (33l Cdgw S lgica
2008; Lapuerta et al., 2007; Shi et al., 2005; Pereira et
Sloslarwl ajs—s )0 (VAAY) l,L_San 4 Bettis .(al., 1999

ale oy plaisay 1315 5 S0y JS (b Sl oy,

Ol e0ld o5 pla oK1 ((5)5LaS (pwigs 09,5 sl =)
(Email: gol.m1360@yahoo.com 2 gt 03k 5 — %)
DOI: 10.22067/jam.v8i2.62389



VAV 090 Jluwoas ¥ 0losds A alox «65y9LiS locpmitlo 49yt FYY

OM 314 555 5550 ol dcgommo (pl ddd o0 iuled | j57g0
doci o etogaliyd (NS Bl ootV (cloolSins jtogolyd
Sy g 8l g siagal iy (1S Bl &y Jusie Sl

RV g

olale )Tl ) g5 g0
il g o5 (B0 ol Ghilesl o ysise
Wleo g2y pil €858 Clidgi IOM 314 Juo iitene 3L
Y U el oad asl Gl yebl 8 b il cov oS
Sl 35 (2l 3 e gL ) 51 3590 y959e I oles
Slace w9 ) Gt j9T9e (Sje 5 H3liiS 5 Ole5 550l
Fogeliad jl 3 ol )3 b elisl yiagaliyd I yg5ge Cilisea
sl gtagali> (2 5> < EA00 Juo (" punbliag 3) 5 ol
yogaliod ¥ S 50 .ab eolasiwl cddl o oYL ¢l (gl caliee

) 04 01> uL“*’ ol odlaiuw! dy90

29890 Ul

50 Sylusdy 9 e iy ysi S plonl Sial gt ol
5990 Sl e 3,8 o plosl le dsly 5 4 el 68 tde
(1) adarly 539 e 0a0el 35 530 Ol &S yg5e ST 22
o o NI E2 53 59590 Ol Py (pl 53 39800 dsmslna
N g e (5 o 3 S 252 )3 29290 yolitS T oy 5lS
A8l (M) 4833 )3 )93 o 2 ygge )93

o_ 24N ")

60000

4t 1305 ) 51 Gtalosl 3390 Jdge C g eiods ol 5

W03)5 45 (938 Ol &S 8 5l J5 Jls 3)90 Sl 9 390 003

Laisle )l ol b

adllas yg0 (slaislojl 4ol 4 ang L Guivs opl o
silodinge 4 jl g3l (sloodly (yiman g 035 ;S By g paiie
oilail (2l sl gy Sl (S oS sl g g ) il
Joiwe psio y 1y Gy o (B9 53 b oMl b
Jie ol g ) o jiite Sl g U sl 55 o auw Jhs
S350 S yo gk Pl any eyl o 0dlatl 3590 23l 38
) gl o gy sl 2ol e 2 38 (i & 28l
(Abdul-Halim et al., 2009) ¢l o3l> olaidl 45 4

2- Ferromagnetism

J)J.)9_.u u>9_.w LM sl )l oolaiwl L_: )L: f:l.o.} |0 Jel |) )»5)4
Ol gt Aol 18 (aw) 3590 S35 Slowy (129, I Jol>
Byl s an o J500 Ciaw a0 Jpdem 02,5 adlsl b oS sl
VO il L g aobioe Il sgge poliS g Oly5 (e JolS
9 0% S5 d (9d Hgige 3Slas (Jpd g & Jpdgn Loy
(Y++Y) Zhang g Hansen ..l o 390 o] sli=l o (>Nl
. \ .

=oon 29 ED 003 V0 Ci g L) 5ielS 3 55590 3)Shos
Vo TV 9a )3 y9ige (55 45 sy xS (pl g 20 1,8
Cepw P dod ¥ Y sgds oloyS 035l 5 Bb o idlS woyd
29 oS (Veo)) phlSen 5 KasS b e (lj8l jlxs
otalejl 390 Jl 003 V0 5 Ve boglseo 93 b1y ysige Juo lon
Ao A an Sed5 )gige (g5 & By dom ol 4 g 0l 1,3
2 OhlLSen g (o) b e pialS Ch g g9 93 0 sl
Ll ol Sl Ly oo OS] Juls sloc g
93y Shos g izl b SOl 5l Jols il Lo g swe joumw
sk 93 U523 h99e S 59y 2 ) Lacd g ol (SanY]
)L g el slace o )0 « S5 —lg» (Ruggerini- RD270)
Ol 48 Bty aom ol 4 gl ol 8 ) 5,90 JalS
b o Hials oy 5anST bS] iol38l b g pud S gm 2,555
S I 9 Jopend Cogw jl odlatul b (Mdgi yoliiS 5 g
= aS Lamdns ) (YY) o) g Al-Hassan .3gs oo 4 603
ol 4 ol plsl Juam culi duopd Ve g Joibl oo do > V-
ORIl e Olp sy Glime QIR L 4T W) o
5555 3ol |, Sl g (DBEs) Joibl doys & ol b3
oEalS y9ige olss (053 0 51 VL) el YL slareyd sl
Ly |, MF-399 5515 )sise 3,Skes (Y+VF) oS 5 ol il
9 0903l 3y90 J3d 9 Jpd9m Joyd Ve B0 (slabglse 3l osliul
4 g0 ol b g b LIS CLS 5l bawgs )55

P9 ol 035 POzST 5155 Udgm Sigm 4 bl

L (95 9 3190
Laghule 3T 50T siews
Sace sgS inlejl 5 e eali] liass degesme V S5

1- Cummins



YYO  dly o by 41 U320 59990 50 gyt S g (50 55hos sla s L (g3 ludinty

2990 093l yam =Y S
Fig. 1. Engine test cell

1990 Cage5) yiamr 5> o3l 3y90 yiegelins =Y IS
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Table 1- Coded levels of the independent variables in the study method
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Table 2- Analysis of variance the total and predictive models of Brake power engine
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(sme) ¢ (I)DF)' ’ (E;ti;;Zce) ;(-;SE)M F P-value
(MastJ:r i:del) 14 - 5127.795 7897.321 -
(Biodiesel) o0 1 -0.76214 3.48516 7514496  0.0001
(Ethanol) Jb! 1 -0.97952 5.756815 124.1251 0.0001
(Spead) )9 cas o 1 14.29639 1226.321 2644121  0.0001
(Load) L 1 24.83144 3699.603 79768.66 0.0001
( Biodiesel x Biodiesel ) Jpsom x Jpdon 1 -0.49739 0.442158 9533549  0.00706
( Biodieselx Ethanol) Jgbl x 5360 1 0.513575 0.263759 5.687022 0.02981
( Biodieselx Spead) ¢y x 5550 1 0.236425 0.055897 1205214  0.9583
( Biodieselx Load) ,Lx Jjp3e 1 0.03642 0.001327 0028607  0.2424
(Ethanolx Ethanol) Jgbl x Jsb! 1 -0.44739 0.357731 7.713176  0.013458
( Ethanolx Spead) ¢y x gl 1 -0.01143 0.000131 0002814  0.9583
( Ethanolx Load) ,Lx J4b! 1 0.261425 0.068343 1.473572 0.2424
( Speadx Spead) c.s yus x ey 1 -7.35439 96.66625 2084.261 0.0001
( Speadx Load) ,b x sy 1 9.432675 88.97536 1918.434 0.0001
(Loadx Load) ,Lx )b 1 -2.57589 11.85868 255.6899 0.0001
u“-'u‘“-' o 10 - 5127.669 11818.444 0.0001
(Predictive model)
(Error) oLl 20 - 0.867764 - -
(Lack of fit) culs pae 14 - 0.675478 1.505523  0.320152
(Pure Error) 2l ol 6 - 0.192286 - -
(Total) Js 30 - 5128.537 - -
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Fig. 4. Contour plats of the effects of volume ratio of biodiesel and ethanol on brake power in full load and 2800 rpm
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Table 3- Analysis of variance the total and predictive models of Torque

& Gl cups  Slueggeme
(Sourse) (DF) (Estimate) (SS)
S e 14 - 100208 2608.388  0.0001
(Master model)
(Biodiesel) 540 1 -3.625 78.84375 28.73085  0.0001
(Ethanol) Jsbl 1 -5.125 157.5937 57.42755  0.0001
(Spead) sl e pus 1 -13.375 1073.344 391.1291  0.0001
(Load) ,L 1 126.725 96355.35 35112.13  0.0001
(Biodiesel x Biodiesel ) J5340 % J5390 1 -2.7875 13.88709 5.060489  0.0389
(Biodieselx Ethanol) Jgbl x J3s54 1 3.675 13.50563 4921483  0.0413
(Biodieselx Speed) sy x S350 1 2.875 8.265625 3.012014  0.1019
(Biodieselx Load) L x J5340 1 -0.025 0.000625 0.000228  0.9881
(Ethanolx Ethanol) Jgblx Jeb! 1 -3.0375 16.48975 6.008904  0.0261
(Ethanolx Speed) c.yuw x Jgibl 1 3.125 9.765625 3.558618  0.0775
(Ethanolx Load) L x JgUl 1 0.925 0.855625 0.311792  0.5843
(Speedx Speed) cas yus X s yuo 1 -35.2875 2225.478 810.9694  0.0001
(Speedx Load) b x cue puo 1 -12.975 168.3506 61.34738  0.0001
(Loadx Load) ,Lx b 1 -11.4875 235.8482 85.94314  0.0001
w W e 10 - 100189.1 3190.989  0.0001
(Predictive model)
(Error) olesl 20 - 62.795 - -
(Lack of fit) csls pas 14 - 58.795 6.299464  0.0162
(Pure Error) jalls olus! 6 - 4 - -
(Total) Js 30 - 100251.9 - -
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Introduction

Diesterol is a new specific term which denotes a mixture of fossil diesel fuel (D), vegetable oil methyl ester
called biodiesel (B) and plant derived ethanol (E). Recently, much attention has been paid to the development of
alternative fuels in order to meet the emission standards and to reduce the dependency on fossil fuel. Biodiesel
and ethanol have been considered as major alternative fuels, as they are derived from renewable sources. These
fuels are well oxygenated and therefore have a great potential to reduce emissions. Biodiesel is an oxygenated
diesel fuel made from vegetable and animal fats by conversion of the triglyceride fats into esters via
transesterification.

Materials and Methods

The engine test bed consisted of a diesel engine, a dynamometer, a gas analyzer and a fuel tank. The control
bench also consisted of control units, data logger and a PC. Engine was loaded by a ferromagnetism
dynamometer of 400 kW capacity and load was measured with spring balance. The experiments were designed
using a statistical tool known as Design of Experiments (DoE) based on central composite rotatable design
(CCRD) of response surface methodology (RSM) and the optimum points were found using RSM. Four
experimental variables in the present study including the operating parameters, load and speed and the added
volume of biodiesel and ethanol in one liter of diesel fuel were considered to be effective factors on the brake
power and torque. Designs that can fit as a model must have at least three different levels in each variable. This
is satisfied by central composite rotatable designs (CCRD), which have five levels per variable. The most
successful and best among the designs is the central composite design which is accomplished by adding two
experimental points along each coordinate axis at opposite sides of the origin and at a distance equal to the semi
diagonal of the hyper cube of the factorial design and new extreme values (low and high) for each factor added
in this design. In the present work, the response surface methodology based on desirability approach is used for
the optimization of experiment parameters (load, speed, biodiesel and ethanol volume) for the measured
properties of response (brake power and torque). The optimization analysis was carried out using SAS 9.2
software, where each response is transformed into a dimensionless desirability value (d) and it ranges between
d = 0, which suggests that the response is completely unacceptable, and d = 1, which suggests that the response
is more desirable.

Results and Discussion

The resultant quadratic models of the response surface methodology were helpful to predict the response
parameters including the performance characteristics of engine and further to identify the significant interactions
between the input factors on the responses. By increasing the amount of biodiesel, the brake power is reduced
compared to diesel fuel. This is due to two factors: the first is concerned with the percentage of biodiesel in the
fuel mix because of the low calorific value of biodiesel compared to diesel fuel, calorific value fuel mixture is
reduced. On the other hand, due to the high viscosity of biodiesel than diesel fuel combined with an increase in
these enhanced features and fuel atomization when spraying will be difficult. It is generally desirable outcome of
these two factors have prevented the ignition and brake power somewhat reduced. Increasing the volume percent
biodiesel fuel mixture to the engine braking torque is reduced diesel fuel engines in all working conditions. The
reason for this decline is the low calorific value of biodiesel compared to diesel fuel. Also, by increasing the
concentration of ethanol in the fuel mix engine braking torque is reduced. The reason for this decline in addition
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to the low calorific value of ethanol compared to diesel fuel may be related to cetane number and low latent heat
of vaporization of ethanol.

Conclusions

The results depicted that low percentages of biodiesel and bioethanol into synthetic fuel also somewhat have
same power and torque but increasing biodiesel and ethanol contents into synthetic fuel reduced power and
torque. The maximum brake power (79 kW) occurred for the pure diesel fuel (equivalent to D100BOEO) at 2800
rpm and full load (100%) and the most brake power (325 N.m) occurred for the pure diesel fuel (equivalent to
D100BOEO) at 1630 rpm and full load (100%).
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