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ABSTRACT 

In the present time, the human is facing two essential problems. These problems are the depletion 
and the environmental pouution of the fossil oil. Vegetable oils after some chemical treatments 
may be used as an alternative to solve partially these problems, since these oils are renewable and 
environmental iiiendly. Biofuel extracted l?om vegetable oils is considered as a renewable 
alternative diesel engine fuel. In this study, an experimental investigation on the performance of a 
direct injection diesel engine is performed. Five blends of waste palm kernel oil (WPKO) with 
diesel fuel are used (B5-WPKO, BIO-WPKO, B20-WPKO, B30-WPKO and B40-WPKO). 
Another three blends of waste sunflower oil (WSFO) (B20-WSFO, B30-WSFO and B40-WSFO) 
with diesel fuel (D!?) are employed. Because of the great effect of the fuel viscosity on atomhtion 
process and combustion, the WPKO and WSFO are preheated to approach diesel fuel viscosity. 
For this purpose the effect of temperature on the viscosity of WPKO and WSFO is addressed. The 
study proves that,using fuel blends (BS-WPKO, BIO-WPKO and B2O-WPKO) these leads to an 
increase in the brake thermal efficiency (BTE) and decrease in brake specific fuel consumption 
(BSFC) compared with that of DF at different loads. B30-WSFO blend contributes to increase the 
BTE compared with that of DF and no significant change is noticed in BSFC. When heating 
blends, the BTE increase and BSFC decrease compared with that at normal conditions. Waste 
vegetable oils (WVO) blends can be used in diesel engines without any modification. 
Mathematical model is developed to simulate the engine behavior when running with WSFO as 
biofuel. The model is used as a tool to predict the engine performance at wide range of fuel blends. 
The result show fair agreement with experimental data 
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1. INTRODUCTION 

The world's oil reserves are getting used up and their 
exploitation is getting more and more expensive. One 
possible way to substitute conventional Fuels is to 
produce so-called biofuels using agricultural 
feedstock. The two most important biofuels are 
biodiesel and ethanol. The life-cycle assessment of 
biodiesel and ethanol has proved that their impact on 
the environment during the entire life-cycle is much 
more favorable than those of the conventional fuels 
(diesel, gasoline), provided the agricultural, climate 
conditions are advantageous. Beyond environmental 
benefits, an appropriate biofuel policy is able to 
capitalize on the economic benefits of biofuels such 
as the reduction of agricultural surplus stock, the 
mitigation of unemployment and the dependency on 
imported oil, rural development, and sustainable 
agriculture ... etc[l]. 

The idea of using vegetable oils as a fuel for diesel 
engines is not new. In 1900, Rudolph Diesel used 
peanut oil to fuel one of his engines at Paris 
Exposition [2]. 

Many studies used WVO as biofuels for Diesel 
engines are carried out. They have found that, WVO 
can be substituted of conventional diesel fuel for 
compression ignition engine. But a major 
disadvantage of WVO is their inherent high 
viscosity. Modem diesel engines have fuel-injection 
systems that are sensitive to viscosity changes. High 
viscosity may lead to poor atomization of the fuel, 
incomplete combustion, coking of the fuel injectors, 
ring carbonization, and accumulation of fuel in the 
lubricating oils. A way to avoid these problems is to 
reduce the viscosity of vegetable oil in order to 
improve its performance. There are some methods to 
reduce the viscosity of vegetable oil. Fuel blending is 
one of these methods. It has the advantages of 
improving the use of vegetable oil fuel with minimal 
fuel processing and engine modification [31. 

Many investigators studied the effect of using biofuel 
on performance of diesel engine. They used different 
vegetable oil sources, sunflower methyl ester [4] , 
frying sunflower oil [5], sunflower nil [6 , 71, shale 
oil 181, jatropha oil [9], rubber seed oil methyl ester 
[lo] ,rapeseed oil [ l l ]  and rubber seed oil 
[12].Differences in results were observed because of 
some reasons, such as using of different biofuels and 
pure diesel fuel in each investigation. 

The objective of this study is to carry out 
experimental and theoretical investigations into the 
performance of diesel engin,:: fuelled with WPKO 
and WSFO blends compared lo those of diesel fuel. 
The specific objectives of the present investigation 
are: 

*To find the effect of temperature on the viscosity of 
WSFO and WPKO. 

* To evaluate the performance of diesel engine at 
normal conditions at diffetcnt engine speeds and 
loads. 

* To evaluate the .perfomawe of diesel engine at 
constant engine speed, constant load and constant 
temperature of the injected fuel. 

* To compare the experimental results of WPKO 
blends, WSFO blends, and IIF. 

* To compare the results of theoretical approach with 
that of experimental results uf WSFO blended with 
DF. 

2. EXPEKMIENTAL SKT-UP AND TEST 
PROCEDURE 

An air cooled, single cylinder, four stroke, DEUTZ 
F1L511, direct injection diesel engine has been 
employed as a test engine in the present study. The 
engine has 100 mm bol.e, 105 mm stroke, 
compression ratio of 17 and 1 rated brake power of 
5.7 kW at 1500 rpm. Fuel injection starts at 24" 
before TDC. A schematic layaut of the experimental 
set up is shown in Fig. 1. A simple mechanism has 
been attached to the engine rack to allow fine 
variation of the engine speed by controlling the rack 
position. 

An electrical dynamometer with maximum electric 
power output of 15 HP has been directly coupled to 
the engine output shaft. Thc engine is said to be 
operated a1 a certain load (percentage of the 
maximum torque) when the cxcitation field voltage 
(applied on the electrical dynamometer) is adjusted to 
produce a specified engine output power. The values 
of the excitation field voltag:: conesponding to the 
prescribed engine load have been maintained 
constant over the entire engine speed range during 
test. The optical tachometer .s used to measure the 
engine speed. It can measure ihe engine speed up to 
10000 rpm with + 0.01% accuracy. The pressure 
drop through the calibrated orifice is measured using 
a U-tube manometer with + 1 % accuracy to evaluate 
the air flow rate. Fuel flow rates have been achieved 
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by using a normal device with different capacities 
(100, 50 ml), 1 ml division and stop watch of 1 s 
accuracy. 

The plan which designed for the experimental 
investigation is to use five k i d s  of blends (by 
volume) of WPKO with DF. i.e. blends of 5%WPKO 
with 95%DF (B5-WPKO), IO%WPKO with 90%DF 
(BIO-WPKO), 20%WPKO with 80%DF (B20- 
WPKO), 30%WPKO with 70%DF (B30-WPKO) and 
40%WPKO with 60%DF (B40-WPKO) are 
compared with DF. Three of blends (by volume) of 
WSFO with diesel fuel (DF) were tested. i.e. blends 
of 20%WSFO with 8O%DF (B20-WSFO), 
30%WSFO with 70%DF (B30-WSFO) and 
40%WSFO with 60%DF (B40-WSFO) are compared 
with DF. 

Main properties of the fuel tested are shown in Table 
1. As shown in this table, pure diesel has the highest 
gross calorific value, highest cetane number, lowest 
viscosity and lowest density. When diesel mixed with 
WVO to make blends, it is found that the more 
percentage of WVO in the blends, the higher of the 
viscosity, higher density , the lower the gross 
calorific value and lower cetane number. Pure WVO 
has the lowest gross calorific value, the highest 
viscosity and density. 

Table (1) Fuel properties 

3. EWERMIENTAL. RESULTS AND DISCUSION 

3.1. Effect of Blend Heating Temperature on 
Viscosity 

Figures 2 and 3 show the effect of temperature on 
the viscosity of WPKO, WSFO and DF. It can be 
observed that the viscosity of WPKO and WSFO 
were reduced rapidly with temperature compared to 
DF. 

Based on the results of figures 2 and 3, the kinematic 
viscosity of pure WPKO, WSFO and DF may be 
calculated as a function of temperature (T) using 
equations (1,2 and 3) given below. 

V~~=36.6845 -2.04959 T + 0.0474638 P- 
4.87519 E-4 Ti+ 1.83263E-6 'P (3) 

The kinematic viscosity of any WVO blend can be 
calculated fiom equation (4) as follows: 

3.2. Air - Fuel Ratio 

Figures 4 and 5 show the measured AFR for 
different WVO blends used at different loads versus 
engine speeds. At constant speed the quality of air 
enters to engine cylinder is the same for all fuel used. 
It can be observed that for WSFO blends, AFR is less 
than that of DF at all loads. This is due lo the 
combined effect of viscosity and density of these 
blends and poor volatility. For WPKO blends, it can 
be observed that AFR is less than that of DF at no 
load. If the load increases the AFR for B5-WPKO, 
BIO-WPKO and B2O-WPKO will be higher than that 
of DF. 

3.3. Brake Specific Fuel Consumption 

The brake specific fuel consumption is the reciprocal 
measure of the brake thermal efficiency. So, it used 
to evaluate the effect of WVO blends on the engine 
performance. The brake specific fuel consumption is 
calculated as follows. 

(gm I kW . hr) ". 
Calculation of BSFC of diesel engine requires 
measurements of volume flow rate, density and brake 
power. 

Figures 6 and 7 present experimental results of 
engine brake specific fuel consumption for used 
different fuels. The engine BSFC decreased with the 
increase of engine loads, as shown in Fig. 6. It can be 
observed that the BSFC for WSFO blends increased 
compared with that of DF at 20% and 40% of load. 
This may be due to the increase in mechanical 
eff~ciency. For B30-WSFO blend no sigoificant 
change is noticed in BSFC at 60% of load. Fig. 7 
shows the variation of BSFC for the diesel engine 
using WPKO blends and DF at different loads and 
engine speeds. It can be observed that the BSFC for 
B5-WPKO, BIO-WPKO and B20-WPKO is less than 
that of DF at all loads. 

3.4. Brake Thermal Efficiency 

The brake thermal efficiency of an engine is 
inversely proportional to its BSFC and the calorific 
value of the fuel. The brake thermal efficiency is 
defined as: 

Where: BSFC (Kg I kW. hr) 
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The variation of brake thermal efficiency of the 
engine with various WSFODF blends is shown in 
Fig. 8 and compared with the BTE obtained with DF. 
From the test results it was observed that the BTE of 
the blends (B20-WSFO and B40-WSFO) were lower 
than that with DF at all loads. A reasonably good 
BTE was also observed with the B30-WSFO at 
maximum load. The drop in the BTE for blends can 
be athibuted to the poor combustion characteristics 
of the WSFO due to its high viscosiry and poor 
volatility. 

Figure 9 compares the BTE of WPKO blends and 
DF at differen't loads with engine speeds. The BTE 
for all blends at high speeds is higher than that of DF 
at 20% of load. The BTE for B10-WPKO and B20- 
WPKO is better than that of DF at 40% and 60% of 
load. These results may be due to that the calorific 
values of blends are lower than that DF. 

3.5. Effect of Blend Heating Temperature on 
BSFC and BTE 

The aim of heating the Diesel ibiofi~el blends is to 
decrease its viscosities by using relationship between 
the hot water around HHP and the temperature of 
exhaust fuel from the injector. The mechanism which 
used in this measurement is shown in Fig. 10. 

Relation between hot water temperature and 
temperature of Dieselhiofuel blends is shown in 
Fig.11. 
The effect of WVO (WPKO and WSFO) blends 
preheating on BSFC and BTE have been studied. At 
room temperature the viscosity of WVO is about 12 
times higher than that of DF. To lower WPKO and 
WSFO viscosity close to that of DF viscosity , the 
temperature of the WVO blends must be increased to 
70 T or more. 

Figures 12 and 13 show the effect of blend ratio on 
BSFC and BTE at constant load, constant engine 
speed and constant fuel injection temperature (60% 
load, N = 1500 rpm and Tr =70 'C). It can be 
observed that the BSFC decreased by 6.5% and BTE 
increased by 7.5% for all blends with heating fuel; 
because of lower viscosity for all blends due to 
heating. 

4. MATHEMATICAL MODEL 

The objective of mathematical model is to simulate 
the actual thermodynamic cycle inside the engine 
cylinder. The proposed model is used to study the 
engine performance under different operating 
conditions and fuel types (different blends of WSFO 
and DF) 

4.1. Assumptions 
In the present model, the following assumptions were 
taken into consideration: 

1. The cylinder contents is heated as homogeneous 
mixture and under equilibrii~m condition. SO, the 
kinetics of chemical reaction rates are not 
considered. 

2. The gas mixture is cmsidered as one - 
dimensional, compressible and time dependant. 

3. The heat losses from the cylinder are taken into 
account. 

4. According to the high level of temperature during 
the combustion and early part of expansion 
process, the dissociation of ("02 is considered. 

4.2. Governing Equations 

According to the previously mentioned assumptions, 
the conservation equations of mass and energy are 
adopted according to the present assumptions. The 
model depends on the rdation between the 
kinematics of mechanical parts and the basic 
conservation equations for the working mixture 
inside the cylinder. Details of tlie proposed model are 
presented as follows. 

4.2.1. The instantaneous cylinder volume 

From the kinematics of the crag* - slider mechanism 
(shown in Fig.l4), the instantaneous piston 
di~placement is calculated as follows: 

' S, = [ L ,  + R ] - [ R . c o s  0 + E, - (R.sin B) ' ]  (5, . , 
The corresponding cylinder volume is calculated as 
follows: 

4.2.2. Equation of state 

While the cylinder contents are considered as a 
perfect gas then, 

PV=nR,,T (7) 

4.2.3. Energy equation 

The time dependent differential conservation 
equation of energy representing the compression, 
combustion and expansion process is written as 
follows: 

4.2.4. Conservation of mass 

The mass of cylinder mixture is considered constant 
during the compression, combustion and expansion 
process. So during the closed :recess the following 
equation is considered. 
r n ~  = mp 

4.3. Combustion Model 

For homogenous mixture, one dimension flow, the 
single zone model is Found to be the suitable model. 
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The model employs the equations of chemical 
reaction at equilibrium condition, fuel burnt and fuel 
burning rate. 

43.1. Equation of chemical reaction 

The equation of chemical reaction for non - 
dissociated combustion is presented. The equation is 
valid for all hydrocarbon fuels. The mixture of the 
reactant is lean. This is due to the amount of excess 
oxygen existing in the reactants, which control the 
fmal products. The general form of the chemical 
reaction is written as follows: 

(1-BR)*CxHy + BR*C,HmO, +h*Xe (02 + 3.76 N2) 

3 a C 0 2 + b H 2 0 + d 0 2 + e N 2  (9) 

4.3.2. Models for fuel burning rate 

During the combustion process, part of the fresh 
mixture is burned and transformed into products. The 
combustion proceeds until all the amount of the k s h  
charge is burned completely. 

Assigning the instantaneous amount of fuel burning 
rate is essential for combustion model. Watson model 
[14] is employed in present work. 

4.3.2.1. Watson model 
Watson suggests that, fuel burning rate depends on 
the two mode of combustion in diesel engine (pre- 
mixed & diffusion). The combustion starts with the 
pre-mixed mixture prepared during the delay period. 
The rest of he1 injected later is burned by diffusion 
process. This can be expressed mathematically as 
follows: 

FB=P*fl(t)+(l-P)*a(t) 

Where: 
fl (t) = pre-mixed burning function 

(t) = diffusion burning function 
The phase proportionality factor (p) will largely be a 
function of ignition delay and can be calculated as 
f0Uows: 

The ignition delay can be calculated fmm an 
empirical formula [I51 as follows: 

1 1 212 
ID(Ca)=(0.36+0.220Jexp[EA .(---I.(---- 

4 . T  17190 P-12.4 )a631 

4.4. Dissociation of Carbon Dioxide 

Due to the high temperature and pressure inside the 
cylinder during the combustion and expansion 

process, some of the combustion products are 
dissociated into another species. In the present work, 
the dissociation of carbon dioxide to carbon 
monoxide and oxygen is considered. The reaction 
equation for this case under equilibrium condition is 
as follows. 

1 co + - 0 ,  0 co , 
2 

Concentrations of C02, CO and O2 are obtained from 
the following equation: 

The equilibrium constant Kp is determined from 
Gibbs function [I61 for the considered reactant as 
follows: 

\- , 
4.5. Heat Transfer Model 

Heat losses from the working fluid are mainly due to 
radiation from flame front and conveclion kom the 
gases to the cylinder walls. Assuming that the 
amount of heat transfer by radiation is very low 
compared with that by convection s&,,'the heat 
transferred by radiation can be neglected. The 
convective heat transfer coefficient can be obtained 
&om widely used Woschni model as follows: 

4.5.1. Woschni Model 

Woschni 1141 used the dimensionless analysis to 
obtain the coefficient of heat transfer as follows. 

4.6. Initial Conditions and Solution Procedures 
The compression stroke is considered to begins at 
B.D.C. The initial air temperature at the beginning of 
compression stroke is calculated as follows: 

To +ATw + y ,  . T ,  
T, = 

1 + Y, (17) 
The amount of moles inside the cylimder is given by 
the equation of state as follows: 

- p,  . v w  
" r  - 

R "  ,T, (18) 
The total amount of moles is kept constant during the 
compression stroke at which no chemical reaction is 
considered. The instantaneous cylinder volume is 
calculated from previously mentioned crank slider 
mechanism. The temperature and pressure inside the 
cylinder is calculated from both the energy equation 
and the equation of state. These equations are applied 
on two tinite points on the compression process 1 and 
2. While point 1 represents the initial condition, point 
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2 is specified according to the next crank angle step 
as the following procedure: 

- Energy equation for closed system. 

dQ=dE+dW.D (19) 

Solving this equation with the fmite difference 
technique, the following form is obtained. 

(20) 
Where: 

Equation (20) is solved numerically by using one of 
the predictor - corrector methods [16]. For this 
purpose the equation is reformed as follows. 

P + P ,  
F(Tz1=E,(T,)-Ei(7;)+L.(V,-VO-Q,oD 2 

(23) 
Newton - Raphson method [16] (iteration method) is 
used to find P2, T2 and QI,,, as follows: 

Assume that T2 = TI 
n, . R ,  . T, 

P, = 
v, 

Where: 

4 , R,,.T> +< 
U T , ) = E , ( T , ) - E , ( 7 ; ) +  V2 

2 . (V, -V,) - Q,,, 

(25) 
- aF (7.2 F(T,) = -- a T2 

(26) 

T: =T,- --i [:::::) 
Check on the assumed value of T2 

(27) 

Error = 1 (Tz) calculated - (Tz) assumed 1 
. 

i,e.Error= I T2-T? 1 
* if Error 5 allowable, the solution is convergent and 
the required temperature (T?) and pressure (P3  is 
obtained. 

Take TI =Tz, PI = PZ and VI = V2 (for the next crank 
angle degree calculations.) - * If Error > allowable, take T~ = T to recalculate 
El, E2, P2 and F(T3 thcn continue the iteration 

procedure until the following wndition satisfy (Error 
<allowable). 

5. VALIDATION OF MATHEMATICAL 
MODEL 

To verify the mathematical model, predicated results 
for the brake power are compared with the 
experimental results. Fig. 15 shows the variation of 
BP with engine speed for both experimental work 
and theoretical analysis for all types of fuel @F and 
blends of WSFO with DF). 

6. DISCUSSION O F  MATHEMATICAL 
MODEL RESULTS 

The mathematical model presented is used to study 
the engine behavior under different operating 
condition and two different fuel types (DF and blends 
of WSFO with DF). The model is used to examine 
the engine beyond the experimental data limit and to 
extend the effect of different factors on the engine 
performance. 

6.1. Theoretical Results of Diesel Fuel 

6.1.1. Effect of load on pressur,e and temperature. 

Figure 16 represent the effect of load on pressure 
and temperature with crank angle degree. From this 
figure it was found that, when the load increases, the 
cylinder maximum pressure and temperature will 
increase. This is because the ;:oncentration of 0 2  

decreases in the products. 

6-1-2 Effect of engine speed on pressure and 
temperature 

The engine speed is represented in Fig. 17 from these 
figures it is found that, at constant of excess air factor 
(hs2.5), when increasing the engine speed, the 
cylinder pressure and temperature are decreases. 

6.2. Comparison between theoretical results for 
DF and WSFO blends. 

6.2.1. Effect of blend ratio on pressure and 
temperature. 

Figure 18 represent the effect of blend ratio on 
pressure and temperature with crank angle degree. 
From this figure it was found that, when WSFO 
blend with DF increase, the cylinder maximum 
pressure and temperature will decrease. This is 
because of the highest C02 concentration. 

6.2.2. The ignition delay 

Figure 19 represents the ignition delay for both DF 
and WSFO blends with DF. The ignition delay 
increase by increasing of WSFO concentration in the 
blend. This is because the viscosity of WSFO is 
higher than DF. The ignition delay can be calculated 
from equation (13). 
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7. CONCLUSIONS 
An experimental and theoretical investigation of the 
performance of a diesel engine using DF and blends 
of WVO with DF were conduced. The following 
conclusions were obtained: 
1. WVO (WPKO and WSFO) blends as a new 

biofuel can be used in diesel engines without any 
engine modification. 

2. Using fuel blends (B5-WPKO, B10-WPKO and 
B20-WPKO) lead to an increase of BTE and 
decrease of BSFC compared with that of DF at 
different loads. 

3. At maximum load, the BSFC for B30-WSFO is 
lower to the level of DF. 

4. At maximum load, B30-WSFO leads to an 
increase by 4 % of BTE compared with that of 
DF. 

5. In case of blends heating, the BTE increase by 
7.5% and BSFC decrease by 6.5% compared with 
the values of BTE and BSFC without blend 
heating. 

6. The mathematical model gives a good agreement 
in view of the comparison with theoretical results 
with deviation of i 0.10%. 

7. When the concentration of WSFO increase, the 
cylinder maximum pressure and temperature will 
decrease. 

8. The ignition delay increase by increasing of 
WSFO concentration in the blend which lead to 
rough engine running. 
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NOMENCLATURE 
Symbols 
a, b and c Watson model constants 
CR Compression ratio 
CN Cetane number 
C.V Calorific value (kJ kg) 
D Piston diameter (m) 
E Internal energy (Joule) 
E, Internal energy at zero absolute temperature 
EA Activation energy 
F Equivalence ratio (= In )  
FB The fuel burnt 
FBR Fuel burning rate 
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h, Heat transfer coefficient (W/ m2. "C) 
ID Ignition delay (crank angle) 
KI, K, and K, Woshin model constants 

Engine rotational speed (Vm) 
Number of moles inside the cylinder 
Cylinder pressure (bar) 
Heat losses (Joule) 
Crank radius ( 3  
Universal gas constant 

(8.3143 kJI kmol. K) 
Instantaneous displacement piston (n~) 
Cylinder temperature 
Time 

6 )  
(s) . . 

Mean piston speed 

Cylinder volume (m3) 

Subscripts and superscripts 
con Connecting rod 
P Products 
R Reactants 
st Stroke 
th Theoretical 
r Residual 
1 or ref Beginning of compression stroke 

Abbreviations 

AFR 
BR 
BDC 
BOC 
BP 
BSFC 

BTE 
DF 
EOC 
HPP 
rpm 
TDC 
WPKO 
WSFO 

Air - fuel ratio 
Blend ratio by volume 
Bottom dead centre 
Beginning of combustion 
Brake power (kW) 
Brake specific fuol consumption 

(gm 1 kW. hr) 
Brake thermal efficiency 
Diesel fuel 
End of comhustio:~ 
High pressure pipe 
Revolution per minute 
Top dead centre 
Waste palm kernel oil 
Waste sunflower oil 

WVO 'Waste vegetable oils 

Greek Symbols 

P Phase proportionality factor of premixed 
combustion to totai burning 

13 Crank angle (degree) 

V Kinematics viscosity (rnd 1 see) 
ATw Increases in temperature due to heat 

transferred from cylinder wal (K) 

Yr 
Residual exhaust gas ratio 

h Excess air factor (Lambda) 
qlj,,b Brake thermal efficiency 

Fig. ( I )  Schnnntic diagrnm of the cqerimental setup. 
(1) Engine; (2)Electrical motor. (3) Voltagcregulator. (4) Diodes; (5)  Air box; (6) onficc; 

(7) U-Nbe manometer; (8) diesel fuel tank; (9) Alternative fuel tmk; (10) Tha digital weight 
scale; (11) Waterjacket around exhaust pipe; (12) Control valve, (13) Watcr tank; (14: Hot 

water jacket around HPP 
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Fig.2. Effect of temperature on viscosity of WPKO 
and DF 
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Fig.3.Effect of temperature on viscosity of WSFO 
and DF 
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Fig.(4) AFR versus engine speed 60% load for DF 
and blends of DF and WSFO 
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DF and blends of DF & WSFO 
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Fig@-b) BSFC versus engine speed at 40% load for 
DF and blends of DF & WSFO 

Engineering ~ e s e i r c h  Journal, Minoufiya University, Vol. 31, No. 4, October 2008 363 



I W  

60% Load 

24, 
m rn 

no 

250 im 750 1mO $250 1IW ,750 20M 
Engine Speed (rpm) 

Fig.(6-c) BSFC versus engine speed at 60% load for 
DF and blends of DF & WSFO 
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Fig.@-c) BTE versus engine speed at 60% load 
for DF and blends of DF & WSFO 
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Fig.(9-b) BTE versus engine speed at 40% load for 
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Fig.(lO) Schematic Diagram of the Water and Fuel Temperatures Measurement Mechanism 

Engineering Research Journal, Minoufiya University, Vol. 31, No. 4, October 2008 



74 -. - 60% Load 
,> : N = .1500 rpm 

5. -- 

56 < </' .-I 
54 . - . -. . . . . . .- . 

--T7 'IT-7'rmTp 
BLI 70 72 74 76 7 s  80 82 84 88 0s 80 

Water Tempurature (C ) 
Pig.(ll) Relation between Water Temperame and 

Fuel Temperature 

loll 
50% Lord 

N = 1500 rpm 

200 

0 5 10 15 20 1 5  10 35 10 45 

Blend Ratio % 
Fig. (12) Effect of blend ratio on BSFC 

Blond Ratlo % 

Pig. (13) Effect of blend ratio on BTE 

TDC BDC 

Fig (14) Crank - Slider Mechanism 

SOD 750 1000 1250 1500 
Enplno Speed (rpm) 

Fig. (15) Relation between BP and Engine Speed 

5 3  J --- \ 
120 150 180 210 240 270 300 330 360 390 420 450 4.0 610 640 

Cnnk Angle (dogre.) 

Fig.(l6-a) Effect of load on Cylinder Pressure with 
Crank Angle Degrees 



A. Elaskary, S. Wilson, H Shabana and M Farag, "Investigation of Diesel Engines Persormance Using ... " 

120 150 (80 210 240 270 300 310 350 300 420 450 480 5SO £40 
Cnnk Angle (degree1 
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