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5- Viscosity

6- Flash point

7- Cetane number

8- Brake specific fuel consumption
9- Microalgae
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Tablel-Technical specifications of diesel engine OM314

W Olasuie )'-\3-0
Engine characteristics Value
)A;L:.M: iy
Number of cylinders 4
PRR R
Cylinder bore 97 mm
ol Jsb
Connecting rod length 230 mm
systl sl ol
Standard injection timing 15BTDC
w51 o
Compression ratio 171
15l iSlis
Maximum torque 235N.m @ 2000 rpm
oly Sl

M aximum power

63 kW @ 2800 rpm
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Table 2- Important properties of used diesel and biodiesel fuels

SH9 o9, J5o9 J3 s
Property M ethod Biodiesel Diesd Units
iy, ASTM D-92 176 64 °C
Flash point
Jw‘«w 6_9;5'/5 _ ASTM D-445 4.73 2.8 mn? s*
Kinematic viscosity
o BB STV D2s00 -1 2 C
Cloud point
ok Gl o 38730 42930 kj kgt
LHV
S — 0.88 0.845 gem?®
Gravity

[(Ferguson and Kirkpatric, 2001) s5. .
Xen = (E—E )+ PRV —V,) - T (5 —5,) (V)

948 To o Po ot 9 Joily losyl ggome E o o oS
slod 9 5La8 53 0958l 5 o (B9 5H i So 9 Vo

ouyo Glla
odlo el ] )3 4 395 so 4185 odle 5 A 4 wdpe cls
w0dye s )3 a5l olowd 9 (SOKe ( Iyl Jols jo b b
9 yiwad] JLid il edle Lid 5 e (sled b ply odle (slod
sl o 55 o) Jilty (65,01 g yio oo & G o3l e oo

Lo piabeis p 131 5 Slg oo (6581 g3l S
u_))bd' w)_:.é 9 LM ;&w] ‘Lﬁ‘)“" «Slol ‘_}4-65 )1 dg>g0
53 @S Sl 38> Gl (lpoe 55 ST Jibo b g
el g 4 ol o Lo 5 s o 5551 il 5 bl
Sl Gjgo pl 3 laid 355 )15 a5 3)50 (sl I Jonily
i 3 sty o ot (i 5581 s 5 4320
b 18 eslatwl 350 )l
iy (V) ddaly Gyaods 5 00l 0d el (SlKege 5 (g5



AT Jol Jluwas ) 05lad ¥ ol (55 y9LiaS glocymiilo 4y s VA ®

Loy, 5l oolitul b opé ¢ 31 (6550) ( T Jolis 55 oles
Slosds (g3l Jde lod b lagye (sldlortin

Pl oliyes 53 (g5l ygboasy 3lynl sl ead ol )l
Gl 093,85 #3565

plS 2 o oyl JEL F 9 sdailae

ool o laee g paikes 0)lg0d (o )l Jil &5
S9-bse e (B) da)) P98 plrarle )l JWl gebsle
:(Woschni, 1967; Ferguson and Kirkpatric, 2001)
dQw _ hyB) Ay (6) |7, (8) — Tiv| o

dag N

09 b g jailew so)lpd ()l Jl £ A0
Aw(8) (el o)l s JLasl co s hy A5l e Jwsy
235 Gl TglB) ayoyio oy jailows s0)l520 350 s
192 N 5 0258 oy paidw o)l (glod Ty (gl (geliicne
Al oo ygige

& yial Jae
2 0325 31 (65,51 & 55 (sdmmlome Iy culy S8 9> &b
(Heywood 1988) 10,5 aJL&.’.’.wl 5I,bl dab)ﬁ

Q0 ’ @ 8 Hy @ gl

e 0?: 41— ; ; ra;l-c‘|T| ﬁu& My 41 'I—i o '”|T| | (%)
Qe = my LHV) )
@r = 4@ )

Szl 5 2 3 ol d)b-‘b‘ = (M) B (7) Lalgy > o5
el gl Sl 4 d g P d‘-‘”u'-.’.'\-“ gJdeg’ cus
Gl 3 51 3losli] e sy Bla g B 23,5 ooy pl)]
(IS ) My 9 My 9 &_JJ_«Q 4\_)5|) o> Pl)l 9 w‘uw
653 Qraaidlo plil g 4ol i Glinl & bgryo (sl g5
5@ 52,50 30l Glanl s 5 ol g IS alasds
Pl g 4l sty 3l > (5,50 siladlil i 55 Qa
PRS2 Jsf cusp g ol ()l 85, LHV aiib
By Gy Lo gl Bl o ael Gl Gyl o s 5 Gy
ABlee Gglite Ciliss (sl ygige g o gw (sl My o M, By
&= cplpls (Ghojel, 1982; Miyamoto et al., 1985)
W calpmd cnl Sl S gl g Jpdge cilise labglse
Al g (padia e LI H5ise (63, Nos Ll S &

Moran ) 39 oo anwloxe (1) abasly jl Co g (oliord (55551
{etal., 2003
Genz = LEVE (1 0401 +0 m??az) +0.432 f]) (*)

Miws 4 bape e g F g Y Z sla s til (1) alayly j> &S

(Li, 1995)

S50 oS clla (i) go
ool g (s (Lo jl A, o bl el S5 4l
1l pels Soladge s Jol )53l8

ay Pa‘v _ _av

J gy Sl 50 ol 155 oaplosl 5 P2 J ST
oy &bl e 5l g Ch g (o (> & T
L i . . R -
3 g 9 o ey Wb & (93959 g T e kg ST
Aibe IST sy ilolis IS (6550 @l s

S5 st sadalas diyl g0
:(Rakopoulos and Giakoumis, 2006) 53,;:,@ iy (V) abayl,

aor
e 13-t P:d)+zmm o Yaabosl ()
.{f

c)A».L_w).)Lg))_slu‘)_u:u C)_) ( )A_E;')))AJ

Wl Jml gl LS d,,_m 1(1 - ) Q;
9 Sj—s 5 3l J—ol> (55 “Sl(”"rt_PDd':)
Jl—‘w‘ LSL“’P)J i z[n Wiy By — Znur Moyr Bour
9 039 yhibew B 4y (295 5 (63959 Slop 2 L olyer (g5 ST
D9 g0 iy yai (V) dlasly g0
b=h-TyS— ) mu (%)
a0 bgye U il J31 s3I 09,51 S (F) sy
sl lame Lyl & bgyye jho (il g1 495 (abewd Jouily
J3b s spinbecisSy Wy Sall e (V) a5
Al oo 0y g oS Jlinl B (3lynl )bl 4 9550 jailies

Ggpr]

2SI 5 @ Aal sla 85 90 (5 3Leuae

o P8 & ad oalisl (i 5l S5 s5ige (silwdnd jglated
il o bl g 3lmsl (Jil 15 58l (o515 ol oy
!
W N

W J]D-\:’.‘ JLgE VAW PV Jlw



VAN J5iogm cogm b I35 s990 Sy (g5 ST 5 6550 5UT 5 ieily oyl ST

JS W1 i 4y a2 b 1) JS 95T 1) aBliangs Juo
e e 0 2
I
Sgen = (Sour — Sin) ‘f’ TL‘ ()
adal) jl Seludge i pod uyu Gillae 5 (g5 mST g3
.(Sezer and Bilgin, 2013) :34i o duwloxs (V)
Ay (v+)
T me FGfch
5 a0 5595 Lmgiaaliy (b 53 oalisal 350 Y les
5 ol i elmodls Uy Jio 51 Jols yitlas 59,9 lté g

n
Sxevgy

5 o D90 LRl slagle; sl OM3I14 jgis0 (0205 (90]]

)‘ J_‘ol> )Lmﬁ ‘_ngo.)‘.) O u’_.wL.‘) JJ.A (T louo L;l)J
5 YL S o gl | 8 42)00 (13l (loj 5 225 Sliylojl
0l 03l Hlis V IS5 0 &S Cd)S Gygo e | ol slaodls
alads 5l |8 aspp Ve o V0 Ludl sl sl s opl el
aS 39 o odnliin V JSb 4 drg b a8 o o YU S e
225 sledl g y5550 (g0l 5 ol (sloosls oy 53 il
(e 5 ay Vo il olaj 2 Y S5 4 5 3, g
3kl sl o) 4 Cund jaidiw (49,0 jlid gl YU S
olej oLl ciie b aS cunl opl ol ol s .l bl il
ol Jlsar 5 423l sg29 51 sl sl (B plej g 38l e
.(Bari et al., 2004) 555 0 sdalin b oo opl ,o Hlid cél
SO olonl el BLST o eyl loj o3l ol b piomen
uwb.@‘ >g0 /pc‘ U)‘ .b‘uc D939y dl/»o] JIDJJ‘ b}l?t.o
i )b Gli8l g 3l 5B gl )3 e giledlil £
495 b (GUMUS, 2010) 15,5 YU S yo (galads (S35 50yl
090 sled il floj ookl e b as” b ssalin V IS 4
silodlsl o 13U s 4yl cpl s ! il Lol il
O 45 390 Sl Sloj Cogw I Jols slo)S 5 035 Lo)S
295 sLajl los ljl g cunl oad )93 Y S jo (galais
ol ylej pdlasl o s L (Jdindal, 2011) sl o dlaie 4yl
.33)5@: )J,Jw u5)° ‘_;Loa uw])ﬁl 3 Jl».w 5 )L».e uwl)gl cely
.(Bari etal., 2004) 3,5 . 3jl Gyl Jgl

g ombs ()l G5) LHVB g (581 5 59,08 (025
Al oo o9

sl (55 sl i) 50
io)ld S o gl s s o bl jgige i (<l
ddy (A em 1Ay dA, dd; dl
¢=(_J " (ngam s -m _Q e 2 ()

at  \36 ore dé
T e Bour 9 ( ) bm (Vo) adasly o
Ml’u" ks )‘ G299 S99 Ol
(1) csalady 51 48l (5, 51000 (23)lS” s 35
29 0 wbu
A av
{;E = Py _PDJE (")

bwgs oaily (23,15 i ¢ T2 (1) sy > sizea
)‘ 9 039 &JJ_».A 44 [ )J.».Lu» Lgl.{bo)ly..) LY Lo)f JL&JI
Do oo duolbre (V) (galal,
i S %(1 _ L) (\Y)

2d ds Teei
Lo

5 9 ik g0ylad (glakesd (glod Tevey (V) dail, o
Wl o aidl Janl glo)S F
. P s
CS g (23)LS bl &5 Sl T women (V1) )
(\Y‘) Lgd._‘a)‘) ]a_.wy aS el &JJ...A A0 Cuw R 4»9.»»
20,5 oo duwle

aAdyp _ (amﬁ ) (\Y‘)
a8  \ de ‘chE o
2 SpdagbendSih g5 Sl (Vo) adaly )5 o caledyd

al Ty dm! dmm) (\¥)
.= — Z —+ u f&

48 Tger \&i' dB T

pi =g (T.F) (Vo)
Wfs = Gchg (%)

(T.B) =g (T2, = by =T L) =i (71 - T]:l(l',ﬁ] —rlm(:%]J (V)
bord Jeily e g g 28 (VY) B (VF) Ly 5o
S oS A 0 Si g Gt Ki (Jpdgn Cogw g 39290 SJE
At 39290 (SIS (9,5l 5 GunS 535 ol | 455 Jse
Slybl s Ly jlid 5 (ale)S ol i s S5 2
iy 5 (VA) adally ©jgmod g 00l odnell (Slege 5 (5 S
[(Ferguson and Kirkpatric, 2001) 544 e
Xew = (E — E) + gV — V) — T (S - 5) (VA)
b g Jeily (F9pd iyl Egerme E (W) alail) 5
Oizad bl o 3yl clls jd lase glod g i Ty o Fy
5 Jimiliy (5900 slass Sl e e So 9 Vo Ep byl
Al b (glod 9 5L 3 (093l 5 oo (ot



IWAF Jgl Jlunows o o lous ¥ ol ¢659biS sloppmilo 4yt YAY

3000 -
20 BTDC —_——
2500 - - = ¢
e 15 BTDC .
M sesees |5BTDC il I Expmme‘ntal
% 2000 - 60
= = == 10 BTDC T 50
=1 - oL
é‘ 1500 S 40
2 1000 A z 30
500 - ;g
10
0 T T T 1 0
-200  -100 0 100 2000 200 -100 0 100 200
Crank angle Crank angle
B A
g slp bl Gl slagloj ,3 jailew 5900 slod B YL S (galais I B 42)0V0 Sl loj o )lid e A -Y S
B20
Fig.1. A: The prediction of incylinder pressure injection timing 15 BTDC, B: Temperature at different injection timings
for B20 fuel
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Fig. 2. The effect of fuel injection timing on the maximum of incylinder pressure
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Introduction

Nowadays, due to higher environmental pollution and decreasing fossil fuels many countries make decisions
to use renewable fuels and restrict using of fossil fuels. Renewable fuels generally produce from biological
sources. Biodiesel is an alternative diesel fuel derived from the transesterification of vegetable oils, animal fats,
or waste frying oils. Considering the differences between diesel and biodiesel fuels, engine condition should be
modified based on the fuel or fuel blends to achieve optimum performance. One of the simplest and yet the most
widely used models is the thermodynamic model. After verification of the data obtained by model with
experimental data it is possible to generalize the extracted data to an unlimited number of functional conditions
or unlimited number of fuel types which saves time and reduces costs for experimental engine tests. Using the
second law of thermodynamics, it is possible to calculate and analyze the exergy of the engine.4

Materials and M ethods

In this work, the zero-dimensional model was used to account for internal energy variations, pressure work,
heat transfer losses to the solid walls and heat release. The applied assumptions include:

The cylinder mixture temperature, pressure and composition were assumed uniform throughout the cylinder.
Furthermore, the one-zone thermodynamic model assumes instantaneous mixing between the burned and
unburned gases. The cylinder gases were assumed to behave as an ideal gas mixture, Gas properties, include
enthalpy, internal energy modeled using polynomial equations associated with temperature.

In this research, the equations 1 to 20 were used in Fortran programming language. The results of incylinder
pressure obtained by the model were validated by the results of experimental test of OM314 engine. Then the
effects of injection timing on Energy and Exergy of the engine were analyzed for B20 fuel.

Results and Discussion

Comparing the results of the model with the experimental data shows that there was a good agreement
between the model and experimental results. The results showed that advancing fuel injection timing increases
the peak cylinder pressure. When fuel injecting occurs before the standard injection timing, the pressure and
temperature of the charged air in the cylinder is less than that of the fuel when it isinjected at standard injection
timing. Thus, ignition delay of the injected fuel extends further. As a consequence, the reaction between fuel and
air improves, which prepares a good mixture for burning. When the combustion starts, the rate of heat release
increases in the premixed or rapid combustion phase of the combustion process due to the suitability of the
mixture of air and fuel and hence the peak pressure of cylinder increases. When the injection timing is retarded,
the fuel isinjected into charged air that has a high temperature and pressure. Thus, in the injection timing of 10
degrees before top dead center, the maximum of incylinder pressure and temperature are reduced compared to
the standard injection timing. By retarding the fuel injection into the cylinder, the indicator availability, the heat
loss availability by heat transfer from cylinder walls and irreversibility are increased and by advancing the fuel
injection into the cylinder, the indicator availability, the heat loss availability by heat transfer from the cylinder
walls and irreversibility are reduced. High temperature will increase the produced entropy, so by advancing the
injection timing the produced entropy will increase while the retarding injection timing reduces the produced
entropy. Exergy and energy efficiencies increased by advancing the injection timing. At 2000 rpm the total
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availability and heat loss availability by heat transfer was increased compared to 1200 and 1600 rpm.

Conclusions
The proposed model was able to predict the pressure and temperature of the cylinder at different injection
timings. By advancing the fuel injection timing energy and exergy efficiency and heat loss availability by heat
transfer was increased. At 2000 rpm the total availability and heat loss availability by heat transfer was

increased.

Keywords: Biodiesel, Energy, Exergy, Injection timing



