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Abstract:

In internal combustion engine,the temperature of the engine increases because of the
repetitive combustion processes inside the combustion chamber and due to Nitrogen atoms react
with Oxygen atoms to form Nitrogen Oxides (NOy), which have a negative effect on plants,
human and on Ozone layer especially when Nitrogen Oxides react with Sulfur Oxides to form
acid rain, so the cars company made a technique to decrease NO,by Exhaust Gas Recirculation
(EGR).

EGR system works by taking a quantityof exhaustgases ( 15-30 % by mass flow rate) percentand
then entered again into the combustion chamber in order to reduce the temperature of engine and
reduce the quantity of NOy. In the present study a secondary EGR will be connected in parallel
with the primary EGR to form Double EGR system in order to reduce the quantity of NOy

compared with traditional system.

The flow rate of the secondary EGR will be controlled separately. Experimental study will be
conducted to compare the NOy and fuel consumption of the Double EGR system. In addition a
special device will be used to generate turbulence in the secondary EGR to study the

corresponding effect on NOy.
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Chapter 1: Introduction

1.1Importance of theStudy:

In Diesel engines the increase of combustion chamber temperature is due to successive
cycle and therefore incomplete combustion will occur as a result of
incompletecombustion,Nitrogen Oxides (NOx) will be produced,which have a negative impact

on the environment.

The commonly used techniques toreduce Nitrogen Oxides are: exhaustgas recirculation

(EGR),water injection,combustion optimization.

The common used technique is Exhaust Gas Recirculation(EGR) in which a specific amount

(15-30%) percent by mass of exhaust gases re-circulated into the intake manifold.

The EGR will lead in reduction of temperature in the combustion chamber, therefore, a decrease
in NOy.

1.2. Study Objectives:

In the present project, the effect of increasing EGR amount on NOx will be studied,this
will be accomplished by adding a secondary EGR to create double EGR system and the effect of

the double EGR system onNO,will be experimentally investigated.
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1.3 Motivation of Study:

NOy have negative impacts on the plants,human and the environments.On the plant NOy
impedes it is growth.On human NOyproduce unpleasantly smell and some people may
besensitive and it has negative effect on respiratory system.On the environment NOy react with
SO, to produce acid rain. Therefor reducing NOy level becomes an important issue in modern

engines.

1.4 Expected Budget:

The expected budget that will use in the project is shown in table 1.1.

equipment's Cost ()
Three valves (ball valves) 60

Battery 150

Pipe fittings 20

Diesel fuel 70

Volumetric flaks 10
Total 310

Table 1.1: Expected Budget.
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1.5Time Tablefor the first semester:

The time table that will spend during the first semester as shown in table 1.2.

Number of
weeks
task

Selecting idea

literaturereview

Proposed

design

Writing report

Make

presentation

Table 1.2: Time Table for the first semester.
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1.6 Time table for the second semester:
The time table that will spend during the first semester as shown in table 1.3.

Number of | 1 10111 (12|13 |14 | 15|16

weeks

task

Searching

for motor

Bringing
tools

Make the

project

Writing
report
Make

presentation

Table 1.3: Time Table for the second semester.
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Chapter 2: State of the Art

2.1 Combustion of a Hydrocarbon Fuel:

Stoichiometric combustion of simple hydrocarbon in Oxygenforms Carbon Dioxide (CO,
)from all of the Carbon and water (H,O) the hydrogen, generally, the chemical equation for

stoichiometric combustion of a hydrocarbon in oxygen is:
CxH, + z0, - xCO, + %HZO (Eq2.1)

where z = x + y/4[1].

If the stoichiometric combustion takes place in air as the Oxygen source, the Nitrogen present in
the air can be added to the equation (although it does not react) to show the composition of the

resultant;

CxHy +2(0; + 3.76N;) - xCO, + 7H,0 +23.76 N,  (Eq22)

where z = x + Yay[1].

The incomplete (partial) combustion of a hydrocarbon with Oxygen produces a gas mixture
containing mainly CO,, CO, H,0 and H; . The general reaction equation for incomplete

combustion of one mole of a hydrocarbon in oxygen is:

C.H,+ 20, — aCO, + bCO 4+ cH,0+ dH,

S e’ S fp— _bﬂ\"‘v'" id ey o
fuel OX¥EET carbon dicodde CATDON MOonoXice water hydrogen (Eq ) 3)

The products of incomplete combustion can be calculated with the aid of a chemical balance,
together with the assumption that the combustion products reach equilibrium. For example, inthe
combustion of one mole of propane (C3Hg) with four moles of O,, seven moles of combustion

gas are formed and z is 80% of the stoichiometric value[1].
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Incomplete combustion of a hydrocarbon in air is governed by the following Equation
CxHy + a(0, + 3.76N,) - bC0, + dH,0(g) + f0, + zCO + a 3.76N, (Eq 2.4)

In general incomplete combustion is studied using the Air Fuel Ratio parameter (AFR),the

exhaust gases products vary as a function of AFR for fuel as shown in Figure 2.1.

15 :
| =20
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u \ | e
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- T oo e
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o A A -
2F N Lo
- I-—l—"'l"f‘{'"l"—-— | N
010 12 19 18 1@ @
MEASURED AIR - FUEL RATIO

Figure2.1: Exhaust gases as a function of AFR [7].

2.2 Exhaust Gases Recirculation:

Exhaust gas recirculation (EGR) is an emission control technology allowing significant
NOy emission reductions from most types of diesel engines. Exhaust Gas Recirculation is an
effective method for NOy control. The exhaust gases mainly consist of Carbon Dioxide,
Nitrogen, and the mixture has higher specific heat compared to atmospheric air.

Re-circulated exhaust gas displaces fresh air entering the combustion chamber with Carbon
Dioxide and water vapor present in engine exhaust. As a consequence of this air displacement,
lower amount of oxygen in the intake mixture is available for combustion. Reduced Oxygen
available for combustion lowers the effective air—fuel ratio,this effective reduction in air—fuel

ratio affects exhaust emissions substantially.

16



In addition, mixing of exhaust gases with intake air increases specific heat of intake mixture,
which results in the reduction of flame temperature. Thus combination of lower Oxygen quantity

in the intake air and reduced flame temperature reduces rate of NOy formation reactions[1].

2.3 EGR Principle of Operation:

To recirculate exhaust gases back into the intake manifold, a small calibrated "leak™ or
passageway is created between the intake and exhaust manifolds as shown in figure 2.2. Intake
vacuum in the intake manifold sucks exhaust back into the engine. But the amount of
recirculation has to be closely controlled otherwise it can have the same effect on engine

performance and drivability.

Electro - pneumatic
pressure transformer

EGR valve

Air mass sensor

On more modern systems, actuation is
carried out by way of an electro-pneumatic
pressure transformer (EPW) which enables
the EGR valve to be continuously adjusted.
This consequently facilitates rapid and
extremely precise adaptations to the relevant
operating points.

Figure2.2:EGR Principle of Operation of [5].

2.3.1 Effects of EGR on NOx:

The trends of NOy emissions with EGR rate are shown in figure 2.3. For all three
operating conditions, NOy concentrations decrease with increasing EGR. Compared to the other

two conditions, the initial emission level and the rate of NOy reduction are much greater at 1200

17



RPM - mid load, and both efficiency and Nitric Oxides emission trends would benefit from

improved boosting technology at low speed - mid load.

The traditional assumption is that increasing engine boost, and subsequently peak cylinder
pressures results in increased NOy emissions. The curves given in figure 2.3 shows that the effect
of residual gas far exceeds the potential impact of increased boost on NOy. Furthermore, the
slopes of the trend-lines corresponding to engine operation at 1800 RPM-mid load and 1200
RPM - low load are almost the same, thus indicating that there is no apparent relationship

between increased pressure in the cylinder at 1800 RPM and changes in NOy emissions.[3]

1600
rpm load
1400
—— 1200, 50%
g 1200 - -£+- 1800, 50%
= ~#-1200, 20%
o 1000 4
4]
o
S 800 -
Q FLo
= 600 9" |
1 B
= B =
400
g
200 . : 1 : :
0 5 10 15 20 25

EGR Rate (%)

Figure2.3: Nitric Oxide emissions versus EGR Rate[3].

2.3.2 Effect of EGR on Other Emissions:

In addition to NOy emissions, Unburned Hydrocarbon (HC) and Carbon Monoxide (CO)
emissions will be affected by EGR rate as shown in Figure 2.4 with dramatically increased CO
and HC levels above 10% EGR. The other two conditions, characterized by higher overall A/F
levels, demonstrate almost no change in HC or CO levels with EGR[3].
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Figure2.4: The effect of EGR rate on HC and COI[3].

2.4 EGR Configurations and Type:

The configuration of an EGR system depends on the required EGR rate and other

demands of the particular application as shown in figure 2.5.

<~ EGR System >
+
EGR valve

Intalue —- é—v ﬂ i —- U=t

Intake throttle valve
TSI
;s
4 ]

(@

——

Figure 2.5: Simple EGR System.

The main components of EGR system include:
- Control Valve.

- Vacuum Modulator.

- Vacuum Switching Valve.

- Sensors and Electric Control Unit (ECU) [7].
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Most older EGR systems use a vacuum regulated EGR valve while newer vehicles tend to have
an electronic EGR valve to control exhaust gas recirculation. When the engine is idling, the EGR
valve is closed and there is no EGR flow into the manifold. The EGR valve remains closed until
the engine iswarm and is operating under load. As the load increases and combustion
temperatures start to rise, the EGR valve opens and starts to leak exhaust back into the intake
manifold. This has a quenching effect that lowers combustion temperatures and reduces the

formation of NO,.

In general there are two commonly used typesof EGR system: Mechanical and Electrical EGR

System as will be discussed in the sections below.
2.4.1 Mechanical EGR System:

The mechanical EGR system can be classified according to the operating pressure that regulates

the EGR flow rate as shown in figure 2.6.

no vacuum
vacuum

3 X LY,
% l

exhaust
gas

; intake
Intake
exhaust

/

a) Positive back pressure EGR valve b) Negative back pressure EGR valve

Figure2.6: Mechanical EGR System][8].
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Also Mechanical EGR systems can be classified on the basis of the location of EGR recirculation

as follows.
a. Low Pressure Route System:

The passage for EGR is provided from downstream of the turbine to upstream side of the
compressor as shown in figure 2.7.The advantages associated with this system are: reduced

control complexity, Fuel economy.

Modulated EGR-Rate Control Velve

e e S ™\
7 Intake Manifold I j
—_
Engine %
N ‘ 2
| Filter [ ExhaustManifold ) £ <=:
= K=
<

EGR Valve 'I [
Wil ]
Semsor ]
ap Sensor j
Particwdate |}/
- = Trap

Figure2.7: Low Pressure Route System[2].

b. High Pressure Route System:

The EGR is passed from upstream of the turbine to the downstream of the compressor as

shown in the figure2.8

The basic advantages of this system are: since EGR is not passed through compressor or

intercooler, the problems of durability and reliability are not there, the particulate trap is

optional.

But the problems that may arise are: system contamination, increased soot-in-oil, transport

losses increase, Complicated variable geometry turbocharger (VGT) -EGR control.
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Modulated EGR-Rate Control Velve

“\‘

/|

Intake Mamfold

Engine

-I"ﬂtr:r L Exhaust Manifold J

%

\\C heck Valve

TTTT

—L 1 A Flow
Meter

—¢
o

Sensor
Ap Sensor
%ﬂ'ﬂcu]alc
—iTrap

Figure2.8: High Pressure Route System[2].

EGR Valve

2.4.2Electrical EGR System:

Another type of EGR valve is the electric EGR, This type uses a small computer-
controlled stepper motor to open and close the EGR valve instead of vacuum. The advantage of
this approach is that the EGR valve operates totally independent of engine vacuum. It is
electrically operated and can be opened in various increments depending on what the engine

control module determines the engine needs at any given moment in time.

Linear EGR may also be equipped with an EGR Valve Position (EVP)sensor to keep the
computer informed about what the EGR is doing as shown in figure 2.9.The EVP sensor also
helps with self-diagnostics because the computer looks for an indication of movement from the
sensor when it commands the EGR to open or close. The sensor works like a throttle position

sensor and changes resistance. The voltage signal typically varies from 0.3 (closed) to 5 volts

(open).
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< | EGR valve positi
FonrD Q- sonsor
W Uacuum port
EGRVALVE .= for EGR valve
POSITION i EUP System Schematic
SENSOR 3
(EVP) rd
engmt
Exhaust flow /
into intake
manifold el ¥
- To cylinders
Exhaust gas enters value 4

Figure2.9: Electrical EGR[5].

2.5 EGR LiteratureReview:
2.5.1 Agarwal D. [ 2011 ]:

NO is formed inside the combustion chamber in post-flame combustion process in the high
temperature region. The NO formation and decomposition inside the combustion chamber can be
described by extended Zeldovich Mechanism. The principal reactions at near stoichiometric

fuel-air mixture governing the formation of NO from molecular Nitrogen are[1]:

O+N; —NO+N
N+0; —NO+O

N+ OH — NO + H
(Eq2.5) In the first reaction di-Nitrogen is attacked by O to form NO and a Nitrogen

radical.
The Nitrogen radical then attacks O, to form another NO and regenerates the Oxygen radical.

The initial rate controlled NO formation (when [NO]/ [NO;]<< 1) can be described by the
equation:

—d[,';‘:] = (E;Mﬂ) exp (_Eg];ngﬁ) [0:]7*[N;], mol s/cm* (Eq26)
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In the expression, [NO] denotes the molar concentration of the species and [O;] and [N2] denotes
the equilibrium concentration.

The EGR (%) is defined as the mass percent of the recirculated exhaust (Megr) in the total intake
mixture (M;):

Mece . 100 (Eq 2.7)

EGR(%) = —

2.5.1.1.Experimental Setup and Methodology:
A two-cylinder constant speed diesel engine generator set was chosen to study the effect of

EGR on the performance and emissions, Carbon deposits, and wear of diesel engine components.

—

Adr Box and b
Diaphragm =
Orifice / :7
AN £
EGR Loop =
| | L]
|8
Mixture Exhaunst
EGR Temperature Temperature Tem perature EGR Contral Valve Back Pressure Valve

P
lﬂT{' |l Exhaust Gas
To Smoke Opacity Meter

To Exhaust
Gas Analyzer

AL Load
Generator HG Bank

Fresh Air, T
Temperature

=
5
3

i

Fresh A

Figure 2.10: Schematic diagram of engine setup using EGR.

The engine was run on different loads at 1500 rpm with different EGR rates (from 0% to 20%)

to investigate the effect of EGR on engine performance and emissions.[1]

2.5.1.2 Engine Performance Analysis:

Thermal efficiency is found to have slightly increased with EGR at lower engine loads.

The possible reason may be re-burning of hydrocarbons that enter the combustion chamber with
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the re-circulated exhaust gas. At part loads, exhaust gas has less CO, and fairly high amount of
O, when exhaust gas is re-circulated in the cylinder, the unburned HC in exhaust gas burns
because of sufficient O, available in combustion chamber and reasonably high intake
temperatures. At higher engine loads, the thermal efficiency remains unaffected by EGR. At
higher loads, exhaust gas has higher amount of CO,, which reduces maximum temperature in
combustion chamber along with Oxygen availability therefore re-burning of HC is not

significant as shown in figure2.11.

—8— 0% EGR
— ——— 10% EGR
---&--- 15% EGR
—-%-- 20% EGR

Thermal Efficiency (%)

T T T

0 20 40 &0 80 100
Engine Load (% of Rated Load)

Figure2.11: Thermal efficiency for different EGR rates.

Brake Specific Fuel Consumption (BSFC) is lower at lower loads for engine operated with EGR
compared to without EGR. However, at higher engine loads, BSFC with EGR is almost similar
to that of without EGR. At higher loads, amount of fuel supplied to the cylinder is increased at
higher rate and Oxygen available for combustion gets reduced. Thus, air fuel ratio is changed

and this increases the BSFC as shown in figure2.12[1].
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0.45
T 04-
=
2 .35+
G —B— 0% EGR
' — -+ — 10% EGR
w 0.3 4
m - = = = -15% EGR

— Si— - 20% EGR
0.25 - - r ] .
i} 20 40 80 B0 100

Engine Load (% of Rated Load)

Figure2.12: Brake Specific Fuel Consumption for different EGR rates.

With increasing load, exhaust gas temperature also increases,when the engine is operated with
partly-cooled EGR, the temperature of exhaust gas is generally lower than temperature of
exhaust gas at normal operating condition. Exhaust gas temperature decreases with increase in
EGR rate, The reasons for temperature reduction are relatively lower availability of Oxygen for

combustion and higher specific heat of intake air mixture as shown in figure2.13.

320

=]
°

—8— (% EGR
280 1 ————10% EGR

260 1 ---&-- 15% EGR
240 -

220 4
200 4
180
160

—- % - —20% EGR

Exhaust Gas Temp (°C)

0 20 40 60 80 100
Engine Load (% of Rated Load)

Figure2.13: Exhaust gas temperature for different EGR rates.
The degree of reduction in NOx at higher loads is higher because of reducedOxygen
concentration and decreased flame temperatures in the combustible mixture. At the part load, O,

is available in sufficient quantity but at high loads, O, reduces drastically, therefore NOX is

reduced more at higher loads as shown in Figure2.14[1].
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Figure 2.14: NOx for different EGR Rates.

2.5.1.3 Conclusions:

EGR is a very useful technique for reducing the NOx emission. In the present research,
experimental investigations were conducted to study the effect of EGR on performance and
emissions, EGR displaces Oxygen in the intake air by exhaust gas re-circulated to the
combustion chamber. Exhaust gases lower the Oxygen concentration in combustion chamber and
increase the specific heat of the intake air mixture, which results in lower flame temperatures.
Reduced Oxygen and lower flame temperatures affect performance and emissions of diesel
engine in different ways.

Thermal efficiency is slightly increased and BSFC is decreased at lower loads with EGR
compared to without EGR. But at higher loads, thermal efficiency and BSFC are almost similar
with EGR than without EGR. Exhaust gas temperature is decreased with EGR, NOXx emission
decreases significantly with increased EGR[1].

2.5.2 Maiboom A. [ 2008 ]:

The aim of this study is to distinguish and quantify some effects of EGR like the increase
of intake temperature, the delay of Rate Of Heat Release (ROHR) and the decrease in Air Fuel
Ratio on Combustion(AFR) and NOy, Particulate Matter (PM) emissions on a typical modern
automotive High-Speed Direct Injection (HSDI) engine at lowand part load conditions under

premixed and mixing-controlled combustion[6].

2.5.2.1 Experimental Apparatus and Procedure:
This study carried out the tests on a standard engine as shown in figure2.15
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Figure 2.15:Engine configuration.

The study was conducted for various operating conditions at low load, A modified EGR circuit
with an EGR mixer was used to ensure that air and re-circulated gases were perfectly mixed. The
mixer was tested and permits to have less than 10% relative dispersion on EGR rate for the

different cylinders.

The mean EGR rate is defined as follows:

X co,_inlet (Eq2.8)

Xegr (Yo) = 100 - .
XCO:_L'xha ust

Where:

Xcoz inlet and Xcoz exnaust are measured CO, concentrations in inlet and exhaust manifolds,
respectively[6].

2.5.2.2 Influence of Inlet Temperature at Constant EGR Rate:

The first effect of EGR tested is the change in inlet temperature. Actually, when the EGR
rate is increased, the inlet temperature after mixing with EGR increases, This increase in inlet
temperature is accompanied by a reduction in in-cylinder trapped mass (thermal throttling

effect), and thus in Oxygen quantity and heat capacity. To isolate the influence of inlet
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temperature from the dilution effect due to EGR, the inlet temperature is varied separately by

maintaining a constant EGR rate.

Influence of inlet temperature on NOx and soot emissions:The corresponding influence on
NOy and soot emissions for 0% and 15.5% EGR is given in figure2.16 , 2.17, respectively. First
of all, it can be noticed that for a given inlet temperature T,” NOx emissions are higher and soot
lower without pilot injection. Without pilot injection principal combustion is mainly premixed
and the mean equivalence fuel-air ratio of the mixture formed during Ignition Delay (ID) must
be too low for soot inception, explaining why soot emissions seem to be very low in the case of
premixed combustions on the engine tested. The corresponding ROHR is higher, resulting in
higher local temperatures, thus promoting NO.formation. Furthermore, for a given inlet
temperature T,”, NOx emissions are lower and soot emissions higher with 15.5% EGR compared
to 0% EGR[6].

100 -
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Figure2.16: NOy emissions for different inlet temperatures T2”.
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Figure2.17: Soot emissions for different inlet temperatures T2”.

2.5.2.3Influence of EGR at Constant Inlet Temperature:

In this study the influence of EGR on combustion, NO and soot emissions at constant
inlet temperature:
Influence of EGR on NOy and soot emissions: The influence of EGR on NO and soot
emissions is given in figure2.18, for a given EGR rate, NO, emissions are higher and soot
emissions lowerwithout pilot injection as for the influence of inlet temperature. For a given EGR
rate, soot emissions are higher at constant AFR, resulting in a bad NOx/soot trade-off.
Furthermore, when trying to maintain a constant AFR, it was not possible to have EGR rates
greater than 17% because the Variable Geometry Turbine (VGT) was not able to increase boost
pressureto a higher value. Indeed, with a classical High-Pressure (HP) EGR loop, an increase of
EGR rate leads irremediably to a decrease of gas flow through the turbine and thus to a decrease
of boost pressure. As a consequence, trying to drastically reduce NOy emissions without an
important penalty on soot emissions by maintaining a suitable AFR is not achievable with the
actual EGR configuration. Some modifications on the air loop could be made to obtain
simultaneously high boost pressure and high EGR rates . With an HP EGR loop, the recirculated
gases is taken after the turbine, thus the gas flow through the turbine, and consequently the boost
pressure, are maintained when increasing EGR rate. It is thus easier to maintain a suitable AFR
with an Low Pressure (LP) EGR loop[6].
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Figure2.18: NOx and soot emissions for different EGR rates.

2.5.2.4 Conclusions:

Some effects of EGR on combustion and NOx—soot emissions were studied by various

EGR strategies. Main conclusions are as follows:

A. The increase of inlet temperature at constant EGR rate has effects on combustion and

emissions, that effects can be either positive or negative depending on operating conditions, for

example, the reduction of NO, emissions with increased inlet temperature.
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B. At low-load conditions, very low-NOy can be obtained with high EGR rates at constant boost
pressure, because the combustion is delayed due to the high dilution. This is accompanied with
an increase of BSFC (that can be higher than 10%).

C.For some operating conditions, EGR at constant AFR is a way to drastically reduce NOy

emissions without important penalty on BSFC and soot emissions[6].
2.5.3.1 The dilution effect:

A decreasing in inlet oxygen concentration, whose principal consequence is the
deceleration of the mixing between oxygen and fuel resulting in the extension of flame region.
Also, the gas quantity that absorbs the heat release is also increasing which results in a lower
flame temperature. As a result, one consequence of the dilution effect is the reduction of the
local temperature that can be also considered as a thermal effect (local thermal effect) . Another
consequence of the dilution effect is the reduction of the oxygen partial pressure and its effect on

kinetics of the elementary NO formation reactions.
2.5.3.2 The chemical effect:

The recirculated H,0 and CO, are dissociated during combustion, modifying the
combustion process and the NOx formation. In particular, the endothermic dissociation

of H,0 results in a decrease of the flame temperature.
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Chapter 3:proposed design

3.1 Introduction:

In our project we suggest to make double EGR in which a secondary EGR of short route
is connected in parallel withthe traditional EGR system, in addition, the turbulence of the EGR
will be controlled manually.The secondary EGR is of mechanical type and manually operated

valve, as shown in figure 3.1.

Load

i Gas
Furbulence| | Intake Engine Exhaust analyzer

N

Second EGR

Figure 3.1: Proposed design.

3.2Principle of System Work:

This system work by vaccum existing inside the intake manifold, this system consists of
traditional EGR, also a Double EGR which contains of both, so the total EGR flow is the sum of
the two.the exhaust gases quality will be compared between the traditional and the Double EGR

system.
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3.3 Test Bench:

We want to check the performance of the system, without the double EGR system(i.e.
the traditional EGR) by recording the data ( the percentage of NOx&fuel consumption ) at
different engine loads(engine load will be generated using lamps ), then taking data at different
angles of turbulence at different engine loads, and we will repeat the experiment using secondary
EGR at different load ,flow, turbulence and compare the data,and we want to use a gas

analyzerto analyze the exhaust gases and take the result.

3.4Engine layout modifications:

First, a line was taken from the exhaust line to return part of the exhaust gases into the
intake manifold, then this line was connected with two valves of EGR (valvel and valve2 ) in
order to control the flow of exhaust gases that are returned to the engine,after that, a collector
was placed to connect the two EGR valves and there is valve3 was added after the collector in
order to make swirling to the recirculated gases to enter it into the intake manifold, as shown in
the figure 3.2.

Figure 3.2:Engine layout modifications.

A volumetric flask was used to measure the fuel consumption for each experiment, and a

protractor was used to control the angle of the valves ( valvel, valve2 and valve3 ), a load was
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added to the engine which was lamps connected to the alternator, four lamps were used in the
experiment each lamp equal 60 watt and we use three cases ( 0 watt, 120 watt and 240 watt).
3.5 Components:
The project consists of the following parts:

1) Diesel engine 6 cylinder

2) Pipes

3) Three valves (ball valves)

4) Diesel fuel

5) Metal pieces

6) Gas analyzer

7) Load source (lamps)

8) Volumetric flask

9) Protractor
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1) A pipe of the EGR system was taken and connected with main exhaust line by welding as

shown in figure 3.3.

Figure 3.3: Back line of exhaust.



2) The line of EGR system that taken from main exhaust line divided into two lines, then
connected with two EGR valves(valvel & valve 2) by fitting, these valves control the flow of

recirculated gases by control the angle of each valve manually, as shown in figure 3.4.

Figure 3.4: EGR valves.
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3) Drill two holes in a collector and connect holes with two valves of EGR by welding as
shown in figure 3.5.

collector

Figure 3.5: EGR collector.
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4) Drill another hole in the collector and Connect it with a pipe attached to a ball valve for

turbulence and connect it to the intake manifold as shown in figure 3.6.

valve3 (turbulence)

Figure 3.6: EGR turbulence.
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5) Connect the load to the engine using the lamps, four lamps were used in the experiment
each lamp equal 60 watt and we use three cases ( 0 watt, 120 watt and 240 watt), as shown in

figure 3.7.

Figure 3.7: load on the engine.
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6) connect the gas analyzer with the exhaust line in order to measure the NOx data and

comparing result as shown in figure 3.8.

gas analyzer

Figure 3.8: gas analyzer.

and the final project after assembling as shown in figure 3.9.

|34

| ®. .- A

Figure 3.9: final project
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Chapter 4: Experimental work

We have to run the engine as a first step, the experiment performed in four different modes as
follows:

4.1 primary EGR without turbulence.

4.2 primary EGR with turbulence.

4.3 double EGR (primary and secondary) without turbulence.
4.4 Primary and secondary EGR with turbulence.

And all of these experiment modes done under load and without load condition.

4.1 primary EGR without turbulence:

at the beginning, the engine has been running and the primary EGR valveopened, the
secondary EGR valve closed, the turbulence valve is fully open (no effect of turbulence) as

shown in figure 4.1 and figure 4.2.

Figure 4.1: primary EGR without turbulence.
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Figure4.2: block diagram for primary EGR without turbulence.

At different loads (0 watt, 120 watt and 240 watt), after connecting the gas analyzer device the
data and the information result of the NOywith the opening angles of valvel (30 degree, 60

degree and 90 degree) as shown in figure 4.3, the fuel consumption as shown in figure 4.4.

Primary EGR without turbluance

160

150 t

140

130 /—Hzf —]
S 120 =@=valve 1615
o —
£ 110 =f—valve 1 630
© 100
2 valve 1 645

90 —_

30 / valve 1 660

70 / ====valve 1 690

60

0 40 80 120 160 200 240 280
Load{watt}

Figure 4.3: NO, versus load at different angles of EGR valve without turbulence.
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Figure 4.4:fuel consumption versus load with primary EGR without turbulence.

From the graphs, we noticed that the NOy increases with increased the load, because the increase
of temperature in the combustion chamber, that produce more NOy. And the fuel consumption
also increased because the increase of torque, in our experiment the perfect angle was 15 degree

for valvel because the recirculated gases less than the other angles.




4.2: the primary EGR with turbulence:

the primary EGR valve opened and increasing the opening angle of the turbulence valve
gradually as shown in figure 4.5 and figure 4.6.

| valve3

LY
—

Figure 4.6: block diagram for the primary EGR with turbulence.

Intake

l ( Co Ilei:'lOD

-

Exhaust

valvel

Gas
analyzer

At different loads (0 watt, 120 watt and 240 watt), after connecting the gas analyzer

device the data and the information result of the NOxwith the opening angles of valvel

(30 degree, 60 degree and 90 degree) as shown in figure 4.7, the fuel consumption as

shown in figure 4.8.
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c) primary EGR with turblance valve3
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Figure 4.7: NOx versus load at different angles of EGR valve with turbulence.
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Figure4.8: fuel consumption versus load with primary EGR with turbulence.

From the graphs, we noticed that the NOx increases with increased the load, because the increase
of temperature in the combustion chamber, that produce more NOy. And the fuel consumption
also increased because the increase of torque, in our experiment the perfect angle was 15 degree
for valve3 because the recirculated gases have the best turbulence angle and the recirculated
gases less than the other angles and get best result.
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4.3 Double EGR (primary and secondary) without turbulence:

the two valves of the double EGR have been opened and the flow of the exhaust gas divided into
the two valves, the turbulence valve is fully open (no effect of turbulence) as shown in figure 4.9
and figure 4.10.

Figure 4.9: double EGR (primary and secondary) without turbulence.

Load
Intake Engine Exhaust———— Gas \
analyzer
"f#-'_--\\.' j
t Cﬁllactu:l! valvel
._\ y

) l— vahe2 — |

Figure4.10: block diagram for double EGRwithout turbulence.
At different loads (0 watt, 120 watt and 240 watt), after connecting the gas analyzer device the

data and the information result of the NOy with the opening angles of valvel (30 degree, 60
degree and 90 degree)as shown in figure 4.11, the fuel consumption as shown in figure4.12.

49



Double EGR without turblance valve2 015

160
150
140
S 130 /K o—valve 1 615
a.
Q.
% 120 — —@—valve 1630
= 110 V —#—valve 1 045
100 / ——valve 1 860
90
==valve 1 690

0 40 80 120 160 200 240 280
Load{watt

Double EGR without turblance valve2

030

160

150
s 140 —=—valve 1 015
-:E—- 130 =fi—valve 1 630
g 120 ===valve 1 045

110 valve 1 660

100 ie=valve 1 690

0 40 80 120 160 200 240 280
Load{PPM

Figure 4.11: NOx versus load at different angles of double EGR valves without turbulence.
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Figure 4.12: fuel consumption versus load with double EGR without turbulence.

From the graphs, we noticed that the NOy increases with increase the load, because the increase
of temperature in the combustion chamber, that produce more NOy. And the fuel consumption
also increased because the increase of torque, in our experiment the perfect angle was 30 degree
for valve2 because the amount of recirculated gases increased.
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4.4Double EGR (primary and secondary) with turbulence :

The two valves of the double EGR have been opened and the flow of the exhaust
gas divided into the two valves , and increasing the opening angle of the turbulence

— ]

valve gradually as shown in figure 4.13. and figure 4.14.

-

Figure 4.13: double EGR (primary and secondary) with turbulence.
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Figure 4.14: block diagram for double EGRwith turbulence.
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At different loads(0 watt, 120 watt and 240 watt), after connecting the gas analyzer
device the data and the information result of the NO,with the opening angles of valvel
(30 degree, 60 degree and 90 degree)as shown in e figure 4.15, the fuel consumption as

shown in figure 4.16.
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c) Double EGR with turblance valve2
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h) Double EGR with turblance valve2
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Figure 4.15: NOx versus load at different angles of double EGR valves with turbulence.
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Figure 4.16: fuel consumption versus load with double EGR with turbulence.

From the graphs, we noticed that the NOy increases with increased the load, because the increase
of temperature in the combustion chamber, that produce more NOy. And the fuel consumption
also increased because the increase of torque, in our experiment the perfect angle was 15 degree
for valve2 and 45 degree for valve3 because the amount of recirculated gases increased andthe
recirculated gases have the best turbulence angle.
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Chapter 5: Conclusion and recommendation:

5.1: conclusion:

After the project experiments, it was found that there was a noticeable variation in
the readings as the NOy ratio in the exhaust gases was reduced by the use of a double
EGR without turbulence by approximately 57.7%.

Also, we observe from the readings that the best angle of flow of exhaust gases is the
angle of 30 degree for the primary EGR without turbulence and the best reading obtained
when the two EGR valves with turbulence wereopened at the angle of 30 degree and the

percentage is almost 42.4% for double EGR with turbulence.

Note that the fuel consumption has been reduced by using a primary EGR without Turbulence
compared with the double EGR without Turbulence by almost 21.4%, and the percentage of the
fuel consumption also decreased when used primary EGR with turbulence compared with
Double EGR with turbulence approximately 10%.

5.2: Recommendations:

1) Using flow meter, can control the flow of EGR and have a good result.

2) Using an electric EGR, may be have a good result for fuel consumption and NO, decrease
better than mechanical one.

3) Using turbo and connect it with EGR to produce double turbo with double EGR.
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