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2- Specific fuel costs
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Fig. 1. Tested engine OM 924

Table 1- Main characteristics of the diesel engine

daSuind Slado
Specification Value
LY

OMO924LA
(Model)
)..\l.l,‘.w sy 4
(Number of cylinders)
(Cooling system) (Water pump)
)99 99* O e 160kW
(Maximum power)
03 R 810 N.m
(Maximum torque)
TE o 2800 rpm
(Maximum  rotational speed)
g il ailobs ) 48 Bl
(Injection pump type) (Row type)
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1- Scale method of determination of consumed fuel



VAN 090 Jluwows ¥ 0 kot A uler (55 y9lins sl muile 4y pid  FAA

(b) ()

(&) ()

(0 JS3) o35 ) 39390 Cogw lime 9 Cdgu Brann S9 Sabl Liules (il JSKb) (3 pas o gw (6 puS0jlul dlob =Y JSWS
Fig. 2. Fuel consumption measuring system (a), Fuel consumption in mass basis and the amount of fuel in the tank (b)
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Table 2- Coded levels of the independent variables in the study method

iz ko W o B A5 c"’*"
Independent variables Variable levels

-1 -05 0 0.5 1
() o & Jjwoger ol 0:1 0.2:1 0.4:1 0.6:1 0.8:1
Biodiesel/diesel ratio (L)
() Jizo 2 Jgblye onn 0:1 0.1:1 0.2:1 0.3:1 0.4:1

Ethanol/diesel ratio (L)

(4853 32 593) s5ige oo 1000 1450 1900 2350 2800
Engine speed (rpm)

(+22) s553e 20 40 60 80 100
Engine load (%)

St (glo o ((8l5) 0023 S8 g 05 05 rshaws )3 (53550 S y0 )b ol 2 a3 3590 slaialojl Cusyed =T Jgu
Table 3- The considered tests based on central design at coded and not coded levels of variables

S ga ke 53 J 32090 a2y Chga ko 53 Joililgn duoy> 2990 ly93 s 2900k
. ) Percentage of biodiesel Percentage of bioethanol in Engine speed (rpm) Engine load ()
owbojl o )lows in fuel mixture (%) fuel mixture (%)
Experiment _ x;, _ _ _ _ _ _
number NEEY L Y SIS A s SIS as &8 A e SIS as (5,150 e
Coded e Coded Not coded Coded Not coded Coded Not coded
Not coded

1 -0.5 154 -0.5 7.7 -0.5 1450 -0.5 40
2 -0.5 154 -0.5 7.7 -0.5 1450 0.5 80
3 -0.5 154 -0.5 1.7 0.5 2350 -0.5 40
4 -0.5 154 -0.5 7.7 0.5 2350 0.5 80
5 -0.5 133 0.5 20 -0.5 1450 -0.5 40
6 -0.5 13.3 0.5 20 -0.5 1450 0.5 80
7 -0.5 13.3 0.5 20 0.5 2350 -0.5 40
8 -0.5 13.3 0.5 20 0.5 2350 0.5 80
9 0.5 35.3 -0.5 5.9 -0.5 1450 -0.5 40
10 0.5 35.3 -0.5 5.9 -0.5 1450 0.5 80
11 0.5 35.3 -0.5 5.9 0.5 2350 -0.5 40
12 0.5 35.3 -0.5 5.9 0.5 2350 0.5 80
13 0.5 316 0.5 15.8 -0.5 1450 -0.5 40
14 0.5 316 0.5 15.8 -0.5 1450 0.5 80
15 0.5 31.6 0.5 15.8 0.5 2350 -0.5 40
16 0.5 31.6 0.5 15.8 0.5 2350 0.5 80
17 -1 0 0 16.6 0 1900 0 60
18 1 40 0 10 0 1900 0 60
19 0 28.6 -1 0 0 1900 0 60
20 0 22.2 1 22.2 0 1900 0 60
21 0 25 0 125 -1 1000 0 60
22 0 25 0 125 1 2800 0 60
23 0 25 0 125 0 1900 -1 20
24 0 25 0 125 0 1900 1 100
25 0 25 0 125 0 1900 0 60
26 0 25 0 125 0 1900 0 60
27 0 25 0 125 0 1900 0 60
28 0 25 0 125 0 1900 0 60
29 0 25 0 125 0 1900 0 60
30 0 25 0 125 0 1900 0 60
31 0 25 0 12.5 0 1900 0 60
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Table 4- Analysis of variance the total and

predictive models of specific fuel costs

asio @33l p ©lasyo ggone Slagyo il . Povalle
(Sourse) (DF) (SS) (MS)

(Master model) & Jao

(Model) Jso 14 40132629 2866616 166.1508 0.0001
(Linear) s o)le 4 37344107 9336027 541.1218 0.0001
(Square) ¢ 4»y> ©)le 4 1938019 484504.7 28.08218 0.0001
(Cross product) Jlie < le 6 850503 141750.5 8.215944 0.0004
(Error) oLl 16 276049.6 17253.1

(Lack of fit) culs pue 10 236889.7 23688.97 3.629578 0.0641
(Pure Error) ,alls ol 6 39159.88 6526.646

(Totaly Js 30 40408679

(Predictive model) o i Jso

(Model) Jso 10 40028158 4002816 210.3864 0.0001
(Error) oLl 20 380520.5 19026.02

(Lack of fit) culs pas 14 341360.6 24382.9 3.7359 0.1206
(Pure Error) a5 oLl 6 39159.88 6526.646

(Total) Js 30 40408679
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Table 5- Variance analysis of specific fuel costs and coefficients of the coded model

©,ke T ETIY) b EM
. Slry o F P-value
(Sourse) (DF) Estimate
(SS)
Biodiesel) Json 1 2148.918 27707082 1605919  0.0001
Ethanol) il 1 924.281 5125772 297.0929  0.0001
(Spead) > co e 1 411.0962 1014001  58.7721  0.0001
)
(Load) 1 -763.463 3497252  202.7029  0.0001
P
J3dgm % Jpdgn 1 -679.122 8242835 4777597  0.0001
(Biodiesel x Biodiesel)
Jobles x Jpogm 1 -484.381 234625 1359901  0.0021
(Biodieselx Ethanol)
ey X 09 1 82.81086 6857.639 (397473  0.5373
(Biodieselx Spead)
(Biodiesel Load) Jux _J30 1 -154.38 23833.06  1.381378  0.2571
x P 239
Joblan x Jgiblae 1 -242.273 1049039 6080292  0.0254
(Ethanolx Ethanol)
ey x Jgibly 1 -26.2511 689.1222 (039942  0.8441
(Ethanolx Spead)
(Ethanol Load)  x Jsiblss 1 -270.354 73091.08  4.236403  0.0562
x P
(Speach Spead) ce o x cope 1 527.4172 497152.9  28.81528  0.0001
(Spead Load) j x e 1 -715.127 511407.1  29.64146  0.0001
P
1 413.4836 305561 17.7105  0.0007

(Loadx Load) ,L x ,b

3 elmodly ol odel Cawdty Jdo il ooy BB (H5590

3 Canl &yle o
EFC = 2267.556 + 9978.855B + 9466.04E —
0.825658 — 12.35501L — 4244.51B* —

6054.763BE — 6056.826E2 + 0.000651S5? —
0.019865SL + 0.258427L? (¥)

opg 4 Sl SFC (Specific fuel cost) ] ,» «
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b i o Juo 3)ly iy joiito b ogSae dlasly o L 9
P e G Chge ohy anje (e Shle ol SRl
5 g 0k dizsh b (oo ine dbaly ol 4 a5 Jls
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Introduction

The researchers have been currently focused on replacing fossil fuels by biofuels to reduce dependence on
fossil fuels. Biofuels provide low greenhouse emissions with the reduction of oil import. The biofuels can play
an important role economically becomes more clear when their relatively developed agricultural sector is taken
into account. Bioethanol, biodiesel and to a lesser extent pure vegetable oils are recently considered as most
promising biofuels. Since 19 century, ethanol has been used as a fuel for the diesel engines. The cost of bio-
diesel for IC engine is slightly greater than that of diesel oil. The specific fuel consumption, a function of the
engine speed, is higher in bio-diesel than in diesel oil. The results previously of Bench-test indicated that the
average value of SFC for bio-diesel was 17% greater than that of diesel oil. As for the properties of biodiesel, the
lower heating value, higher density and higher viscosity play a primary role in engine fuel consumption for
biodiesel. Most of the authors, who agreed that fuel consumption increased for biodiesel compared to diesel,
contributed to the loss in the heating value of biodiesel. Of course, some authors only explained the increased
fuel consumption as the result of the higher density of biodiesel, which causes a higher mass injection for the
same volume at the same injection pressure.

Materials and Methods

The equipment and instruments used in the present research were a diesel engine (OM 314), a dynamometer,
a dynamometer control panel and a fuel tank. A four-cylinder direct injection diesel engine, model OM 314,
made by Idem Company, Tabriz, Iran, was used to conduct the experiments. The fuel used in the present
research was from waste oil. Ethanol was also used to feed the engine. The blends of diesel-ethanol-biodiesel
were prepared on a volumetric basis. The experiments were conducted based on the response surface
methodology and using Central Composite Rotatable Designs (CCRD). The response surface methodology, as
one of the best methods to optimize processes and determine the effect of different variables on the responses,
has special popularity among researchers. Applied research design in this study was CCRD that has the most
application among other designs of the method. Independent variables were different ratios of ethanol, biodiesel,
and diesel, engine load, and engine rotational speed and responses were included engine brake specific fuel
consumption.

Results and Discussion

The P-values for both total and prediction models of specific fuel costs were less than 0.01. This result
showed that the models statistically have high abilities to predict the impacts of independent variables on
specific fuel costs at 1% probability level. The linear, quadratic and interaction of the overall model had a P-
value less than 0.05 that indicated their statistical validity. The specific fuel costs decreased for all blends by
increasing the engine load. The reduction of specific fuel costs was more aggressively observed in low loads.
With increasing engine rotational speed, the specific fuel costs were increased at low loads and at middle and
high loads it was decreased and then increased. The increasing of volume ratio of biodiesel in the blended fuels,
specific fuel costs were increased. By increasing the volumetric ratio of ethanol and biodiesel, specific fuel costs
were increased due to lower calorific value and the direct relationship of this variable with brake power
compared to that of diesel fuel in all test conditions and all fuel blends. By increasing of biodiesel ratio in the
blended fuels, the specific fuel costs were increased at the low percentage of ethanol ratio. But by the increase of
ethanol ratio the specific fuel consumption firstly was increased and then slightly decreased at high levels of
biodiesel.
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Conclusions
The minimum of the specific fuel costs (580 R kW™h™) occurred at full load and engine rotational speed of
2139 rpm for pure diesel (BoEqD1qg). Also, the maximum of specific fuel consumption was obtained by 9951 R
kW™h™ at 20% engine load and rotational speed of 2800 rpm and for a fuel blend containing 0.8 | biodiesel, 0.4 |
ethanol and 1l diesel (B45_2E36_6D18_2).
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