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Abstract

A series of experimental was conducted to evaluate the impact of diesel fuel
types which are produced in Iraq and compared with others special type of Ethanol
Blended Diesal Fuel. The testing was carried on four stroke single cylinder direct
injection diesel engine under different speeds and loads in internal combustion
engine laboratory, department of machines and equipment, Baghdad Technology
Institute. Five types of diesel engine Fud included Daura, Basra , Bgji local Fuel
and two biodiesel Fuel 10%Ethanol Blended Diesel Fuel ,and 8%Ethanol Blended
Diesel fudl, four levels of engine speeds included 1100, 1600, 2100 and 2600 rpm, and
five levels of torques included 2, 4, 6, 8 and 10 Nm were used in this study.
Mathematical relationships and computerized program (ECA 100, VDAS) were used
to calculate the performance parameters of engine which included brake specific fuel
consumption, the exhaust emissions included nitrogen oxide, and carbon monoxide
and carbon dioxide were measured by using exhaust gas analyzer type FLUX-2000-4.

The study shows that the Bgji fuel was recorded the highest level of bsfc with
variable torgue and 8% blended is the highest value with variable speed followed by
the other types of fuel. Basra has the greatest value of n;;, at variable speed, 8%
blended have higher value of i, with variable torque .Daura fuel type was
recorded the lowest values in emissions than the other types with variable speeds and
torque reach to 29.89%,while recorded increasing on indicated thermal efficiency
11.29%.
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1. Introduction

Reducing of the quantity of pollutant emissions from the diesel engine exhaust is a
challenged task in the view of current emission legislation. Combustion modifications, usage
of eco-friendly fuels are the key technologies to reduce the amounts of pollutant
emissions ' 2. Biofuels like ethanol, biodiesel have become an attractive aternative to petro
diesel as it conquers the dependency on foreign petroleum and offers lower pollutant
emissions in the present context of emission legidation [ 4 Most attractive attribute of
biofuel isof itslow or no slpher content. The Ethanol Blended Diesel is used in diesel engines
as direct fuels as well as blends. Many options have been studied like blends of diesel to
ethanol as a fuel substitute to reduce certain types of emissions . Studies show that the NOx
from the diesel engine decreases when operated with variable torque and with low speeds, and
increase with the high speed more than 1600 rpm The estimation of NOx can also be done by
correlations which are based on amounts of other emissions like HC, CO and CO, which is
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adopted in this article (. When biodiesel was added in little amounts to ethanol-diesel blends
enhance solubility of ethanol in diesel and observed that blends were stable for long time!” 9.
The diesel are named as Daura, Basra and Beji and blends of ethanol-diesel are named as
10% and 8%. The details of the fuels used along with fuel properties are shown in Table ().
The engine is operated with variable load conditions (2, 4, 6,8 and 10)Nm-<and with the range
of speeds (1100, 1600,2100 and 2600) rpm. The engine performance is evauated in terms of
brake specific fuel consumption (bsfc), and indicated thermal efficiency (I];t). In this study it
was used two devices of gas analyzer one of them is to measure four gases emission (CO,
CO2, HC and NOy). The (FLUX 2000-4) gas-analyzer is an infrared microprocessor based
photometer designed to measure CO (carbon monoxide), CO, (carbon dioxide), HC
(hydrocarbons) and O, (Oxygen) coming from cars as shown in Figure (1), and using
another device to measure the NOy because the device (FLUX 2000-4) dos not measure the
NOy gas. The testo 350 portable emission analyzer raises the bar in testing serviceability
Figure (2).The devices weren’t designed to measure SO, emission.

According to the devices measure (CO and CO,) in (% vol) units, (HC and NOx) in
(ppm) units.

Fig .(1) Infrared Exhaust Gas Analyzer Fig .(2) The NOx gas analyzer
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Table .(1) Properties of selected fuels from Midland Refineries Company

MIDLAND REFINERIES COMPANY | AL - DAURA gl | Ja 1 fln 88 2
QUALITY CONTROL & RESEARCHES DEPARTMENT s 43 jardly & ol
FORM N0.40
j'A-“ r.\l..uﬂ u\_a.a %u
Data | oup | isa | o | 5% | 8% |10%
P.0miy @156 C 089 | 0804 0,8418 0% | 0880 | 08204
AP Gravity @ 15.6 °C 71 | 389 | 366 | %94 | 392 | %l
Flash Point °C 7.3 il
Desiy @ 15°C__ | 08388 | 08300 | 0813 | 0826 | 08285 [08290

Calorific Value Wlk% 010921 | 10952 | 10912 | 1090 | 10957 | 10955

2. Theoretical part:

Engine performance was calculated by the fallowing equations (-9,

A) Fuel consumption (mis ) g/s :

. Vf *Pf
mf = —tb ................................ (1)
Where:
py = specific mass of thefuel ( g/ n7’).
t, = time necessary to empty the burette (s).
= volume of fuel =8 x10°m? .

B) Brake power (b.p) , kW :

T*2*m*N

b.P=c e (2)

Where,
T=toque ( N.m) .
N=speed (rpm).
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g .
KWhr

C) Brake specific fuel consumption (bsfc),

_ My
bsfc = bp e (©))
D) Indicated thermal efficiency(n;.):
_ _Ip
nlth - HL*mf ................................ (4)

Where,
| .p=Indicated power

H. = fuel lower calorificvalue (kcal/kg).
Or,

K] ,Kcal _ Kj
H =4.0] — *——= —*L
- Kcal kg kg

3. Experimental apparatus:

3.1 Engine Test:

A factoria experiment was conducted to evaluate the impact of fuel type on the
performance and emission of four stroke direct injection diesel engine under different
speeds and loads. The work was done in department of machines and equipment,
Baghdad Technology Institute. A modern single cylinder air cooled diesel engine type
TD 212 made in UK was used in this experiment .Table(2) show, the engine
specification. This engine includes an exhaust thermocouple, a half coupling to link to
the test bed dynamometer to measure the power and all essential hoses and fitting as
showing in Figure (3).
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Table .(2) Specifications of test engine [user guide of engine]

Item Specification
Engine Manufacturer TQ TD 212, UK
Fuel Type Diesel

Maximum Power

3.5kW at 3600 rev/min

Maximum Torque

16 Nm at 3600 rev/min

Bore 69 mm

Connecting Rod Length 104 mm

Engine Capacity 232 cm?®
Compression Ratio 22:1

Oil Type

Multi grade SAE 5W-40

Fig .(3):The engine test
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3.2 The rig instruments:

The instrumentation unit is designed to housing the instruments necessary for
measuring the engine performance, which include fuel consumption, torque, speed,
brake power display, exhaust temperature display. The instrumentation unit links to
USB, which may connect to the computer then the data, is obtained through a program
to record all engine data parameter as show in Figure (4).

Fig .(4): Schematic diagram of the test diesel engine and exhaust analyzer
1-engine chassis 2- exhaust gas analyzing probe 3- exhaust gas analyzer 4- single cylinder
diesel engine 5- load cell 6- dynamometer 7- tachometer 8- Data Acquisition 9- fuel burette

10- computer.

3.3 Blended tank:

A fuel tank was manufactured by hand in the industrial work area with dimensions
(Ilength 20cm ,width 10cm and height 15cm ) with maximum capacity 3 liters, and have
amixing electrical device to ensure the perfect mixing of the diesel fuel with the ethanol
fuel. Thistank is used as a special work when we want to running the engine on blended
fuel. The Figure (5) below shows the blended ethanol tank and diesel fuel tank.

\

Blended diesel fuel tank Diesel fuel tank

»

Fig .(5): the blended tank and fuel tank.
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4. Results and Discussion:

Figure( 6) represented the relationship between NOx and Torque at engine speed
2100 rpm, it was observed that the value of NOy increased with Toque increasing .The
lowest value of NOy is found in Daura, followed by Ethanol Blended Diesel Fuel (8%),
Begji, Basraand 10% blended fuel .

500 —

NOX (ppm)
1

Torque (N.m)

Fig .(6) Effect of Fuel Types, Torques on Nitrogen oxide (ppm) at engine
speed = 2100rpm.

Figure( 7) shows the relationship between NOyx and speed a minimum torque 2 Nm, it was
found that the NOx is decreased with the low speeds and dlightly increase with the high
speeds, and the lowest emission was founded in Beji fuel at 2100 rpm , while 8% blended
fuel was recorded a highest rate of NOx with the highest speed.

Torque =2 (N.m)

400 =

Basra

300 —

200 —

NOX (o)

100 —

o T T T T T T T T T |
500 1000 1500 2000 2500 3000
Speed (rpm)

Fig .(7) Effect of Fuel Types, Speed on Nitrogen oxide (ppm)
at torque=2Nm
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Figure (8) shows that the fuel type has a clear impact on CO emitted, Basra type
recorded the highest rate of CO followed by 8% and the other types. The reason may be Basra
has low viscosity index that means the viscosity of Basra affected by high temperature and
decrease engine temperature, consequently increased the CO formed.

0.24 —

0.22 — 890

0.20 =

0.18 —

0.16 =

0.14 —

CO @)

0.12 —

0.10 -

0.08 =

0.06 -

0.04 T T T T T T T T T !

Torgue( N.m)

Fig .(8) Effect of Fuel Types, Torques on Carbon monoxide (%vol) at engine
speed = 2100 rpm

Figure (9) shows that the rate of CO was affected by engine speed. At engine speed 1100
rpm recorded the highest rate of CO with Beji fuel followed by 10 % blended and others. The
lowest rate of CO was recorded at engine speed 2100 rpm with 8% and 10% blended. The
reason may be when increasing engine speed there was no excess air to burn the mixture and
as aresult incomplete combustion which led to emitted more CO emission.
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Fig .(9) Effect of Fuel Types, Speed on Carbon monoxide (%vol) at
torque=2Nm

Figure (10) represented the relationship between CO, and Torque at engine speed 2100
rpm, it was observed that the value of CO, increased with torque increasing and sharply
increase with the high torque and the lowest emission was founded in Bgji fuel fallowed
Basra, Daura, 8% and10% blended.

2100 (rpm)

2.0 =

Beji

1.8 =
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Fig .(10) Effect of Fuel Types, Torques on Carbon Dioxide (%vol)
at speed =2100rpm
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Fig .(11) Effect of Fuel Types, Speed on Carbon Dioxide (%vol)
at torque=2Nm

Figure( 11) shows the relationship between CO, and speed at minimum torque 2 Nm, it
was found that the CO; is decreased with the low speeds and dlightly increase with the high
speeds and the lowest emission was founded in Beji fuel at 2100 rpm.
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Fig (12) Effect of Fuel Type, Torque on HC (ppm) at speed=2100rpm
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Figure (12) represented the relationship between HC with Torque at 2100 rpm, it is
observed that the value of HC increased with torque increasing and increase with the high
Torque and the lowest emission was founded in Basra fuel followed by Daura, 8% blended
and the other types.

Figure (13) shows the relationship between HC with engine speed at minimum torque 2
Nm, with in the range of engine speed from1100 to 1600rpm , it was found that the HC is
decreased under 2100rpm and sharply increase when engine speed increase to 2100rpm, also
the lowest emission was founded in 10% blended fuel within the range of engine speed 1600

to 2600 rpm.

160 —
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Beji
140 =

Basra

— 1 0%

120 —

100 —

HC( ppm)

80 =

60 -

40 = T T T T T T T T T 1
800 1200 1600 2000 2400 2800
Speed(rpm)

Fig .(13) Effect of Fuel Types, speed on HC(ppm) at torque=2N.m

Figure (14) shows that the Indicated thermal efficiency n,., was affected by engine
speed. At engine speed 2100 rpm recorded the highest Indicated thermal efficiency is
optioned with 10% blended fuel at torque 2Nm and sharply decreased with load increasing
followed by Daura fuel and others. The smallest rate of efficiency is that when increasing
torque that with Basrafuel at torque 10Nm.
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Fig .(14) Effect of Fuel Types, Torque on Indicated thermal efficiency(%)
at speed =2100rpm

Figure (15) shows that the Indicated therma efficiency n,., Was affected by engine
speed, 2100 rpm recorded the highest Indicated thermal efficiency with Basra fuel followed
by 10%blended. The smallest rate of efficiency when increasing the speed at Daurafuel.
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Fig .(15) Effect of Fuel Types, speed on Indicated thermal efficiency(%)
at torque=2N.m
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Figure(16) states the variation of the brake specific fuel consumption(bsfc) with variable
torque, it was found the bsfc decreases sharply for al types of fuel within the range of engine
torque T= 2 Nm to T=8Nm and decreases slightly when engine torque over T=8 Nm. The
highest value was recorded with Basra and the lowest value was recorded with 10% blended.
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Fig .(16) Effect of Fuel Types, Torque on bsfc (g/kW.hr) at engine speed =2100rpm

Figure (17) shows the difference among of fuel types in brake specific fuel
consumption(bsfc)  with variable speeds at torque 2Nm. Basra and 8% blended recorded the
lower value of (bsfc) compared with the other types of fuel (Daura, Beji and 10% blended)
at lower speeds and finally increasing .
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Fig .(17) Effect of Fuel Types, speed on bsfc (g/kW.hr) at torque=2N.m
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5.

Conclusions:

The result which obtained from the experiment can be summarized as follows:
The lowest value of CO and HC concentration on emissions was at ethanol blended
diesel fuel (10%and 8%). Its consider the best types, while recorded high level on
NOyx and CO, emission.

The beji fuel recorded lowest level with NOx emissions with variable speed
followed by the other types of fuel.

The bgji fuel has recorded the lowest value of CO, concentration on emission with
variable torque followed by Daura, Basra and the worst type of fuel were 10% and
8% ethanol blended respectively.

The summary of increasing percentage of CO, on 10% ethanol blended up to
0.57% while the same fuel has 54% decreased in HC, a 46% decrease in CO and
14.7% decrease in NOx.

Increasing the engine torque led to decreasing brake specific fuel consumption
(bsfc), while the increasing the bsfc as a results of increasing of speeds so for the
first case (variable torque) Begji fuel recorded the highest rate of bsfc and in the
second(variable speed) 10% blended ethanol recorded the highest value followed
by 8% and other types.

At variable torque 8% ethanol blended has recorded the highest rate of indicated
thermal efficiency reach to 64.5% followed by Basra which was reached to 62.85%
followed by the others, while with the variable speed Basra fuel type recorded the
highest rate of indicated thermal efficiency reach to 72.35% followed by 8%, Beji,
Daura and 10% .
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