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ABSTRACT

An experimental and theoretical investigation to evaluate the effect of diesel fuel produced in
Iraq and blended with ethanol of four stroke single cylinder direct injection diesel engine was
conducted. This study focused on the development of an empirical ignition delay equations
based on engine experimental data and to analyse the dependency of ignition delay on
equivalence ratio, engine brake power fraction, effect of engine speed, and cetane number .The
experimental measurements was performed at compression ratio of 22:1 at engine speed ranging
from 1100 to 2600 rpm with an increment of 500 rpm, and engine torque ranging from 2 to 10
N.m with an increment of 2 N.m. The experimental data from engine during test have been
saved on the computerized program (ECA 100, VDAS) connected to the unit .The results show
that the empirical equations of delay period are resulted as a function of ignition pressure,
ignition temperature, fraction brake power with better agreement with the experimental data
than an empirical equations of delay period which are resulted as a function of ignition pressure,
ignition temperature, equivalence for all fuels at all speeds. EO Basra has the highest value of
the cylinder pressure with low speed at variable torque. E10 blended fuel has recorded the
lowest value of ignition delay period in all speeds. The experiments also show that the ignition
delay period has been found to be decreased with increase of cetane number, ignition pressure,
ignition temperature, equivalence ratio, and the fraction brake power.
Keywords: Diesel engine, Ignition Delay, Cetane Number, Diesel Fuel, Ethanol.

INTRODUCTION

gnition delay period measured in diesel engines is important parameters. Ignition delay
Iperiod (IDP) in diesel engines have been defined in different ways depending on the criteria

used to determine the beginning of combustion. There are two most common ways used to
define ignition delay period such as pressure rise and illumination delay [1].Time delay period
is critical between the commencement of fuel injection into the engine and fuel ignition
occurring. The duration of this period called the ignition delay period. Ignition delay period can
influence on brake power from engine, thermal efficiency, and engine maintenance [2].The
ignition delay period can be divided into two parts such as the physical delay and chemical
delay period. The Physical delay is the interval in demand for fuel atomization, evaporation and
mixing with air [3].The chemical delay period is the pre-combustion reaction of air, fuel and
residual gas mishmash which lead to auto ignition, chemical delay in more efficacious for the
interval of the ignition delay period [4]. Selvakumar, et al [5], studied theoretically the
prediction of ignition delay (ID) using cetane number, compression ratio, engine speed, engine
load, single cylinder, four stroke air cooled DI engi
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e. The results showed that the IDP of biodiesel decreased due to high cetane number. Also,
these results showed that the ignition delay decreases with the increase in brake power. Chen, et
al [6], studied the combustion of rapeseed biodiesel, diesel, and ethanol blend using a SC, diesel
engine .They found that at small load peak combustion pressure is low and at the middle and
large loads they increase with blending of ethanol. Zhang, et al [7], investigated experimentally
ignition delay period by using dimethyl ether (DME) as an alternative fuel using direct-injection
diesel engine. The results show that the predictions of ignition delay are in good agreement with
experiment results. Sahoo and Das [8], analyzed the combustion of used Jatropha ,Karanla, and
Polanga based biodiesel as fuel in a diesel engine .The results showed that lower IDP and higher
peak cylinder pressure for all biodiesel when compared with diesel. David, [9], studied engine
ignition delay for biodiesel prepared from modified feed stocks .The results indicated that of all
the blends were similar to those of diesel fuel with lower ignition delay.

The objectives of this work are :

1. To develop an ignition delay empirical equations as a function of ignition pressure, ignition
temperature, and equivalence ratio, and to develop an ignition delay empirical equations as a
function of ignition pressure, ignition temperature, and engine brake power fraction.

2. To investigate the effect of engine speed and cetane number on the ignition delay.

3. To examine Stringer [10], Wolfer [11], present work as a function of pjgn Tign, @), and as a

function of (pign, Tign, bps) empirical equations against experimental data

The Test engine

The experiments were carried out in a single cylinder four stroke variable speed air cooled
direct injection diesel engine type (TD 212) made in UK. The basic data of the engine used are
given in table (1). The engine was coupled with D.C electric dynamometer. A Kistler
piezoelectric transducer (Type 6056A) has been mounted in the cylinder head to measure the
cylinder pressure. The obtained cylinder pressure values and volume of a cylinder with a crank
angle are taken from by the signal that comes from piezoelectric pressure sensor, and then fed to
ECA100 device Thermocouples were used to measure the exhaust temperature. Test engine and
the schematic diagram of the engine test are shown in figure (1) and figure (2) respectively.

Table (1): Technical specifications the engine [12]

Item Specification
Engine manufacture TQ TD 212,UK
Fuel type Diesel
Oil Type Multi grade SAE 5W-40
Cylinder bore 69 mm
Stroke 62mm
Connecting rod length 104 mm
Engine capacity 232 cm?
Compression ratio 22:1
No of strokes 4
No of cylinder 1
Maximum power 3.5 kW at 3600 rev/min
Maximum torque 16 N.m. at 3600 rev/min
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Figure (1): Test diesel engine.
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Figure (2): Schematic diagram of the test diesel engine.

Type of Tested Fuel

The use of ethanol as a blend with diesel fuel is increasing in recent years. It can be used as a
fuel in a number of different ways as a blend with diesel (8% and 10%) and as a fuel in our
experiments blended with Basra diesel fuel C;4Hso. The reason for using the Basra fuel
blended is the higher value of cetane number of this fuel. The test fuels are denoted as EO Beji
(100 % diesel Beji fuel), EO Basra (100% diesel Basra fuel), E0 Daura (100% diesel Daura
fuel),E8 blended (8% ethanol and 92 % diesel Basra fuel), and E10 (10% ethanol and 90 %
diesel Basra fuel), these samples were chemically analyzed before used in testing at midland
refineries company AL- Daura - Quality Control and Researches Department in Baghdad.
Results analyze of above five types of fuel which are in table 2. Figure (3) shows the pure diesel
and the ethanol blends samples.

Table (2) Fuel Properties [13]
Lab . Insp. Data EO E0 EO0 Ethanol E8 E10
Beji Basra | Daura Blended | Blended
Density @15 Ckg/m3 841.3 830 838.8 789 828.5 829
Flash point °C / / 72.8 13 / /
SP. Gravity @15.6°C 0.8418 | 0.8304 | 0.8393 / 0.8289 0.8294
API Gravity @15.6°C 36.6 38.9 37.1 / 39.2 39.1
Calorific Value MJ/kg 45.68 45.85 45.72 26.4 45.87 45.86
Cetane Number 55.5 58.0 56.0 8 58.5 58.5
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Figure (3): Pure diesel and the ethanol blend samples

Ignition Delay Theory

The ignition delay in direct injection diesel engines is of great interest because of its direct
impact on combustion and the heat release, as well as its indirect effect on engine noise and
pollutant formation. The indicator diagram (P-8) diagram i.e. P=£(0) is recorded at different
engine speeds. The present work elucidates the measurement and indication of gas pressure
within the combustion chamber as a function of crank angle [14]. From the indicator diagram
(P-0) the start of combustion point can be determined .The method used in determining the start
of combustion in the present work is based on the sudden rise of cylinder pressure and the
pressure at this point is the combustion pressure. This point was checked again using the log
(p)-log (v) curve .In the present study, the compression process is polytrophic (pv" =
constant);so by taking the logarithm for both sides and drawing the log(p)-log(v) indicator
diagram ,the curve will be linear and the end point of this curve shows the start of combustion
point" .The derivative of the line is the polytrophic index (n) . Figure (4) shows indicator
diagram pressure-crank angle (p-8).Figure (5) the log (p)-log(v) curve.

Figure (4): The Indicator Diagram (p-0) from ECA100 device
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Figure (5): The log (p) -log (v) curve.

The fuel injection is set to be @20°(bTDC) for all experimental procedure, then determine
the ignition delay angle (AB)which is the difference between the two angles in degree .From
compression process, the combustion temperature can be determined. The atmospheric pressure
and temperature have been considered at the start of the compression stroke i.e p;=1.013 bar and
T;=15 C respectively. The air —fuel ratio AF is defined as the mass of air supplied per unit mass
of fuel of fuel supplied. The actual mass flow rate of air and fuel are measured individually in
the test engine .The theoretical air to fuel ratio is calculated by assuming stoichiometric
combustion of the diesel and ethanol blended with theoretical air quantity.

The equivalence ratio (@) is defined as the ratio of to be equals (Air/fuel) theoretical/
(Air/fuel) actual [15]. The calculation of(Air/fuel) theoretical are shown in Appendix (A).

_ (Air/fuel) theoretical (1)
(Air/fuel)actual
(®=1.0 is at stoichiometry, lean mixtures ®<1.0, and rich mixtures ®> 1.0).

Results and Discussion
Cylinder pressure

Figure (6) shows the measured pressure as a function of crank angle for diesel and ethanol-
diesel blended at torque =10N.m at speed=2600 rpm.It is clear that the cylinder pressure of the
engine with diesel fuel E10 blended and E8 blended recorded slightly higher than the engine
running with diesel fuel EO Beji, EO Basra, and EO Daura. This increasing in the cylinder
pressure in the E8 blended and E10 blended may be due to high calorific value [16].

e EQ Beji EO Basra EO Daura
E8 Blended e E10 Blended

80 -

60 -
H
240 -
2
g
[-Y

20 A

0 + r r r r 1
330 340 350 360 370 380 390
Crank angle (deg)

Figure (6): Measured pressure as a function of crank angle for diesel and ethanol-diesel
blended at torque =10Nm at speed 2600rpm.
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Peak cylinder pressure

Figure (7.a) shows the variation of peak cylinder pressure with engine torque for diesel and
ethanol-diesel. E§ blended and E10 blended recorded higher value of maximum pressure than
EO Beji,E0 Basra, and EQ Daura at speed 2600 rpm, and at torque 6N.m,8N.m, and10N.m.This
is due to the shorter ignition delay period of E8 blended and E10 blended as compared to EO
Beji,EO0 Basra,EQ0 Daura. Figure (7.b) shows the effect for diesel and ethanol-diesel blended on
the maximum crank angle (8) for varying torque at speed 2600 rpm. A small but erratic change
in maximum combustion pressure angle has been observed for diesel and ethanol-diesel
blended.

] ji | | | | | ]
EOBeji ~ EOBasra WEODaura MESBlended ME10Blended WEOBeji  EOBasra MEODaura MESBlended ME10Blended
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Figure (7): Effect of diesel and ethanol-diesel blended on (a) maximum combustion
pressure and (b) its corresponding crank angle for varying torque at speed 2600 rpm

Effect of blends on ignition delay:

Figure (8) shows the effect of speed on the ignition delay for diesel fuels and bioethanol-
diesel blends. With an increase in engine speed, the loss of heat during compression decreases,
resulting in the rise of both the pressure of the compressed air thus reducing the delay period in
milliseconds. Ignition delay period is decreased with E10 blended and E8 blended at all speed
as shown in Figure 8. This may be related to the effect of higher cetane number of E10 blended
and E8 blended this result is agree with Gogoi [17].
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Figure (8): Effect of speed on the ignition delay for diesel fuels and ethanol- diesel blends.

Figure (9) shows the effect of cetane number on the ignition delay period .With increase in
cetane number indicated that the ignition delay period has been decreased. This is because of the
reduction in the self -ignition temperature. Self-ignition temperature is being responsible for
chemical delay and it is the most important property of fuel .
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Figure (9): Effect of Cetane number on the ignition delay.

The empirical equations of delay period:

During the previous years, many empirical equations have been developed for prophesy of
the IDP in internal combustion engines. They exist as a function of engine and charge
parameters. A number of these empirical equations used an Arrhenius expression similar to that
suggested by Wolfer [11], which measured the IDP using a CVB and expressed it as a function
of pressure and temperature of the perimeter through the following semi-empirical equation

Tid:Al- (pign)_k-exp(EA/R-Tign) (2)
618840
AT CN+25 3)

The apparent activation energy increases with decreasing fuel cetane number .It was found
that these constants vary by several orders of magnitude". An Arrhenius expression has a
disadvantage that it could be used only for definition of the chemical ignition delay and could
be recognized in an inadequate interpretation of the ignition delay. In order to determinate the
complete ignition delay, it is necessary to incorporate definition of the physical ignition delay.
Expressions integral the physical and chemical ignition delays have a more complex form than
equation (2), [18].

Based on the semi-empirical equation developed by Stringer [10], developed an ID empirical
equation using a compression ignition internal diesel engine which is still widely used ;

Tjq=0.0405(pign) ~*7>7 .exp(5473/Tigy ) 4)

Wolfer [8] developed an ID empirical equation for diesel engine using constant volume
bomb conditions which is still widely used;

Tid:0'44'(pign)_1.19'exp(4650/Tign) (5)
In this work, the new effective parameters to develop ignition delay empirical equations can be
used such as ignition pressure, ignition temperature, equivalence ratio, and engine brake power
fraction. There are two cases are used in the present study to find ignition delay empirical
equations.

Case (a)

EL- Bahnasy and El-Kotb [19], with the help of Heywood [20] proposed to develop the
Arrhenus equation as mentioned previously to calculate the delay period of diesel fuels and
bioethanol- diesel blends as a function of ignition pressure, ignition temperature, and
equivalence ratio as follows:

Tid:F'(pign)_v'(cb)_cexp(EA/R' Tign) (6)

The above equation is a non-linear equation forms. From the ignition delay results using least
square fitting technique, one can get the coefficients F, V, c, by taking logarithm of both sides
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of that equation ,then we get In( T;q ) = In (F)-(V)In (p)-(C)In(®) +(E4/R.T) .This equation has
logarithms in it ,but they relate in a linear way. From the obtined data , the system of linear
algebraic equations has been resulted. Now this system has been solved easily by computer
program and the general empirical equation of each blend is shown below:

EO Beji

rid=3.089.10‘7.(pign)3'6679.(¢)‘3'5886xp(927.4/Tign) (7)
E0 Basra
tid=1.276.1010.(pign)_6'°57.((1))_0'0034 exp(896.6/Tigp) ®)
EO0 Daura
tid=1.126.10_32.(pign)17'236.(CD)_1°'4°6exp(918.7/Tign) )]
E8 blended
rid=234.87.103.(pign)‘3'321.(@)‘0'564 exp(891.2/Tigyp) (10)
E10 blended
Tja=31.34.(Pign) ~133.(@) 77935 exp(891.2/Tgy) (11)
Case (b)

This is to calculate the delay period of diesel fuels and ethanol- diesel blends as a function of
ignition pressure, ignition temperature, and engine brake power fraction. Engine brake power
fraction (bpy) is the ratio of the engine brake power at any point to the maximum brake power
of the engine .

__engine brake power at any point

bps (12)

maximum brake power
Tid=C1- (pign) e, (bpf)_C3 eXP(EA/R- Tign) (1 3)

Using least square fitting technique, one can get the coefficients, ¢, ¢, c3, by taking logarithm
of both sides of that equation ,then In( Tjq)= In(c1)-(cz) In (p)-(c3) In (bpr) HEA/R. Tign) are
obtained .This equation has logarithms in it ,but they relate in a linear way. From data ,the
system of linear algebraic equations has been resulted. Now this system has been solved easily
by computer program and the general empirical equation of each ignition delay is as follows:

EQ Beji

T1g=2.27.1072.(pign) 8%, (bpe) ~0173¢exp(924.4/Tigy ) (14)
EO Basra
Tjg=1.1917.10"% (pign) 42377 (bpg) ~>0°%exp(896.6/Tigy ) (15)
EO0 Daura
Tig=1.718.1071.(pign)>79%3.(bpg) ~22°7%exp(918.7/Tign) (16)
E8 blended
Tig=6.17.10721.(pjgn) 1 1253 (bpg) ~23%6exp(891.2/Tigp) (17)
E10 blended
Tjq=4.8843.1075.(Dign) °7°.(bpe) ~+6%%exp(891.2/Tigy) (18)

Results of the empirical equations of delay period calculations

The equations were obtained for diesel fuels and ethanol- diesel blends as a function of each
parameter (Pign, Tign, ), and as a function of (pign, bps, Tign), as presented in Figure (10). As it
is clear from the figure, the delay period decreases with the increase of pressure, temperature,
and engine brake power fraction for all blends . This may be attributed to the fact that with
increasing the pressure the mixture molecules become closer and the probability of increasing
the active collisions between these molecules is higher, as a result the chemical reactions will be
accelerated to complete the combustion with shorter delay period. The experiments are carried
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out in lean and slightly rich mixture zones, (®= 0.5—1.1), so the delay period decreases with the
equivalence ratio and engine brake power fraction
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Figure (10): The ignition delay results obtained (a) ignition pressure (b) equivalence ratio,
(c) ignition temperature, and (d) brake power fraction.

Figures (11) to (15), show that comparison of different ID empirical equations at all engine
speeds for diesel fuels and ethanol- diesel blends at 10N.m.The results show that ignition delay
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period empirical equations resulted in the present study have showed better agreement with the
experimental data than Stringer[10], and Wolfer[11] empirical equations. Ignition delay
empirical equation as a function (Pign, Tign, bpr ) has better agreement with the experimental
data than empirical equation as a function of (pjgp,Tign, @) for all speed. . Because of the engine
brake power depends on engine speed and torque. Generally, using the engine brake power

fraction instead of the global equivalence ratio has proven to result in a

of ignition delay

periods for the diesel engine in case direct injection in use.

Figure (11):

Figure (12):
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e Expermental data
e\ O fET
4 -

i

B Stringer
e present work ID as function (P,T,®)

— — A

Ignition delay period (m.s)

1500 1750

2000 2250

Speed (rpm)

Variation of ignition delay for different ID empirical equations at all engine
speeds using E0 Beji at 10N.m.

e Expermental data
e Wl fr

g present work ID as function (P,T,bp)
1.5 4 L
w
H \
°
L 1 \
i~
]
o
>
]
4 05
c
2
=
c
® 0

[ ] Stringer
et present work ID as function (P,T,®)

1500 1750

2250 2500 2750

0
Speed (rpm)

Variation of ignition delay for different empirical equations at all engine
speeds using E0 Basra at 10N.m .

=== Experimental Data
gy Wolfer

Ignition delay period (m.s)
N

g Present Work ID as function (p,T,bp)
4 -

M

Stringer
=== Present Work ID as function(p,T,®)

1500 1750

2

2500 2750

000 250
Speed (rpm§

Variation of ignition delay for different ID empirical equations at all engine
speeds using E0 Daura at 10N.m .

2267



ng. &Tech.Journal, Vol.34,Part (A),

Wyl Experimental and Theoretical study For the Effect of Diesel
Fuel Quality Produced in Iraq on Ignition Delay Period

Figure (14):

Figure (15): Variation of ignition delay for different ID empirical equations at all engine
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Nomenclature
Abbreviation Meaning Greek Meaning Units
Letters
BTDC Before top dead centre 0 Crank angle degree
Engine Cycle Analyzer Tiq Ignition delay m.sec
ECA Activation energy (0] Equivalence ratio | =~ -----
Ignition delay
Ea Versatile data
1D acquisition system
VDAS
Vol. Volume
Symbol Description Units
Ay Constant |
bp¢ Engine brake power fraction | -
€1, €2, C3 Constants | e
CH3-CH2-OH Ethanot | -
Cy4Hzg Basra diesel fuel | -
F Constant | e
Pgn Ignition pressure bar
Tign Ignition temperature kelvin
T Temperature kelvin
R Universal gas constant kl/kg K
V.G, k Constants | e
n Constant | e
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CONCLUSIONS

The conclusions that are extracted from the present study are as follows:

1. The lowest value of ignition delay period is at ethanol blended diesel fuel (E10 and ES)
with all speeds.

2. The developed ignition delay empirical equation as a function (pjgn, Tign, @ ) was good
agreement with the experimental data than Stringer [10], and Wolfer [11] for all fuels at all
speeds.

3. The developed ignition delay empirical equation as a function (pjgn, Tign, bps ) was better
closeness with the experimental data than the developed ignition delay empirical equation as a
function (pjgn, Tign, @) for all fuels at all speeds.

4. For EO Basra fuel has a high value of peak pressure with low speed at variable torque
followed by EO Beji.

5. E10 blended fuel has recorded the highest of peak pressure with variable torque at medium
and high speed.

Appendix (A)
1-Calculation of theoretical A/F for diesel Basra fuel .
C14H3¢+tmg(0,+3.76N,)— d;co,+d,H,0+d3N,
0 Balance for carbon
Hence, d;=14
O Balance for hydrogen
Hence, d,=15
O Balance for oxygen
Hence, mg=21.5
00 Balance for N2
Hence , d;=80.84
21.5(32 + 3.76 x 28)

A/Bwme =0 12 530.1 14906

2-Calculation of theoretical A/F for E10 blended fuel .
0.9C;4H3,+0.1(C,HsOH) +m(0,+3.76N,)— d;co,+d,H,0+d3N,
0 Balance for carbon

Hence, d;=12.8

O Balance for hydrogen

Hence, d,=13.8

O Balance for oxygen

Hence, mg=19.65

O Balance for N2

Hence , d3=73.8
e 19.65(32 + 3.76 * 28) _ 1484
(A/F)the = 094 v 12+ 1+30) 1 0112+ 21 6+1716) '+

2-Calculation of equivalence ratio actual A/F

_ (Air/fuel) theoretical
(Air/fuel)actual

(Air/fuel)actual Mo
mg
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Table (A): Calculated values for diesel and blended fuel equivalence ratio.

Fuel speed | g (g/s) | 1y (g/s) | (A/Fact | (A/F)ne | P
EO0Beji 2600 3.072 0.149 20.6 14.989 0.72
EOBasra 2600 2.599 0.161 15.9 14.989 0.90
EODaura 2600 3.14 0.145 21.66 14.989 0.69
E8 blended | 2600 3.5 0.145 17.24 14.87 0.86
E10blended | 2600 3.088 0.139 22.17 14.84 0.67
Appendix (B)
Table (B): Calculated values for diesel and blended fuel activation energy.
Fuel EO Beji EO Basra | EO Daura | E8 Blended | E10 Blended
E (ﬂ) 7687 7456.1 7639.9 7411.2 7411.2
1 kg.K
REFERENCES

[1] Daniel, C., Uguru, O., and Ademola, A., Dare, " Combustion Enhancers in Diesel
Engines: Magnetic Field Option". IOSR Journal of Mechanical and Civil Engineering (IOSR-
JMCE), Nigeria, Volume5, Issue 5, pp. 21-24, 2013.

[2] Lewis, C., P., G., Schenk, C., and Stassen, W., J., M.," Ignition Quality of Residual
Fuels in Diesel Engines", Shell Research and Technology Centre Amsterdam, 13adhuiswcg 3,
103 I CM Ainstcrdam, Netherlands,1998.

[3] Hussain, M., Zaidi, K., Rehman, S.," Effects of Varying Injection Pressure on Ignition
Delay Characteristics of Biodiesel". International Journal of Engineering and Mathematical
Sciences, Volume 3, Issue — 1, pp.11 -17, Jan.- June 2013.

[4] Shahabuddin, M., Liaquat, M., Masjuki, H., H., Kalam, M .A. , Mofijur , M . ," Ignition
Delay, Combustion and Emission Characteristics of Diesel Engine Fueled With Biodiesel",
Renewable and Sustainable Energy Reviews, 21,pp.623—632, 2013.

[5] Selvakumar R., Nithiyananadam T., Senthilkumar P.," Theoretical Model to Predict
the Ignition Delay and its Effects on Performance and Emission Characteristics of Biodiesel
Fueled Diesel Engine", Journal of Chemical and Pharmaceutical Sciences, JCHPS Special
Issue 6, pp.19-23, 2015.

[6] Chen H., Yang L., Li Y., Ma Y., Zhang P., Li J.," Combustion and Emission
Characteristics of CI Engine Fueled with Rapeseed Biodiesel, Diesel and Ethanol Blend",
International Energy Journal 14, pp. 75-86, 2014.

[7] Zhang Y. , Chunlan M., Huiya Z., Yihong L.," A Study on Combustion and Emission
Characteristics of Small DI Diesel Engine Fuelled with Dimethyl Ether", Huazhong University
of Science and Technology, pp.1-10, 2005.

[8] Sahoo P.K., Das L.M., "Combustion Analysis of Jatropha, Karanja and Polanga Based
Biodiesel as Fuel in a Diesel Engine", Fuel, Vol.88, issue 6, pp.994-999, 2009.

[9] David Y. Z., Chang J. H. and Van G., "Fuel properties and Biodiesel Prepared from
Modified Feed stocks", Copyright Society of Automotive Engineers, INC. Dearborn,
Michigan, U.S.A, 1997.

[10] Stringer, E. W., Clarke, A. E., and Clarke, J., S.," The spontaneous Ignition of Hydro
Carbon Fuels in a Flowing System",Proc. Inst. Mech. Eng, 184:pp. 212-224, 1970.

[11] Wolfer, H.H., "Ignition lag In Diesel Engines", VDI-Forschungsheft, 392:, pp. 621-
436.047, 1938.

[12] TD200 User Guide, TecQuipment Ltd, Bonsall Street, Long Eaton, Nottingham NG10
2AN, UK:

[13] Quality Control and Research Department, Al-Daura Midland Refineries Company, Iraq,
2014.

2270



YN ATITIRLIREN LG VNI PRIIL] Experimental and Theoretical study For the Effect of Diesel
Fuel Quality Produced in Iraq on Ignition Delay Period

[14] Hayder Q. Alwan," Theoretical and Experimental Study of Pressure Prediction in
Crevices Region between Piston Rings for Diesel Engine" ,Engineering &Technology Journal ,
Volume 29, Issue 11 ,pp. 2329-2345, 2011, ng. & Tech. Journal .Vol.29, No. 11, 2011 Eng.
[15] Abdul Kadhim M. H. H .Abdul Sattar J. M.H., Murtadha S. A.," The Effect of Water
Injection and Increasing Humidity of the Combustion Air on the PollutantsEmission from a
Continuous Combustion Chamber", Engineering &Technology Journal , Volume 29, Issue 11
,pp- 2329-2345, 2011,

[16] Navindgi, M., C., Maheswar D., Kumar, B., S., P.," Comparative Experimental
Investigation of Combustion, Performance and Emission in a Single Cylinder Thermal Barrier
Coated Diesel Engine using Diesel and Neem Biodiesel", International Journal of Engineering
Research and Development, Volume 3, Issue 2 ,pp. 12-20, 2012,

[17] Gogoil, T., K., Sarma, A., K., Misra, P.S., Syed, T., Haque," Combustion Analysis of
Jatropha methyl Ester and its Ethanol and Actane Blends in a Diesel Engine", International
Journal of Emerging Technology and Advanced Engineering Volume 3, Special Issue 3:
ICERTSD, Feb 2013, pp. 51-57,2013.

[18] Dzevad, B., Ivan, F., Ales, H., and Boran, P.," Investigation into the Effect of Different
Fuels on Ignition Delay of M-type Diesel Combustion Process", THERMAL SCIENCE: Vol.
12, No. 1, pp. 103-114, 2008.

[19] El-Bahnasy, S., .H., .M., El-Kotb, M., M., "Shock Tube Study for the Measurement of
Ignition Delay Period of 1 ,2-epoxypropaneand n Hexane ",In :6 the International Conference in
Fuel Atomization and Spray Systems,ICLASS-94,Ruene ,France ,1994.

[20] John, B., L., Heywood, "Internal Combustion Engine Fundamental ", McGraw-Hill,
1988.

2271



