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" Introduction to Engine Technology "

(Engine Technology) <lS jaal) L ol 4i<

Gl Sa LA‘; 3 palaall sda S 5 clalgall g C"_NHYU Sl ) @ il Combustion Engines
ol g o ) S ja o COAY 5 Al Jaall 3550 5 &l

Main Engine Components &_aall duulul) e sall
e Cylinder —4! shuY)
* Piston — Sl
e Connecting Rod —Jxasill &1 )
e Crankshaft — 8 yall 2 sae
e Spark Plug —Jliy) dxad
e Valves —&lkleal)
Lol g dxy N1 <l Jandl 35 53Four-Stroke Cycle
* Intake Stroke —<audl b g
 Compression Stroke —hbcaiyl b b
 Power Stroke —3 !l L 5

* Exhaust Stroke —paall o o

JAN G A e Al dita ) 3 68 sl Al ZaUa) by gad e ol o331 dae by S jaal) Jans
Al sl clipdaill ol Maad) ) 88 5al 3 gandl aliny e Tal e Y 5 355 13 gmia pusSall & jay
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Al clalhadliKey Terms
Displacement —< yaall Lpaaall 4a) HY)

Compression Ratio —hlaaiy) A




Volumetric Efficiency —4xeaall 3:1))

Combustion Chamber —3) yia¥1 4d &

L ¢l 8Formulas
1) Power (kW) =(2xmxNxT) /60 x 10r-3

2) Displacement = (rt/4) x Bore? x Stroke x Number of Cylinders

Example: Engine Displacement Calculation

Given:

Cylinder bore = 80 mm
Stroke length = 90 mm
Number of cylinders = 4

Required:

Calculate the total engine displacement.

Solution:

First, convert dimensions from millimeters to meters:
e Bore=80mm =0.08 m

o Stroke=90 mm =0.09 m

The displacement of one cylinder is calculated using the cylinder volume
formula:

V. =m4x(B)2xS
Substitute the given values:
V.=n4x (0.08)2x0.09=0.000452 m?3

Substitute the given values:




Viotal =0.000452x4=0.00181m3=0.00452x4=0.00181m?3
Convert to liters:

Vtotal =1.81L

Example:

A four-stroke internal combustion engine operates at a speed of
4000 rpm. Determine the total number of power (ignition) strokes
produced by all cylinders per minute, assuming the engine has 4
cylinders.

Solution:

In a four-stroke engine, each cylinder completes one power stroke every two
revolutions of the crankshaft.

Engine speed (rpm)
2

Power strokes per cylinder=

: : 400
Power strokes /min per cyhnder=7

Now multiply by the number of cylinders:
Total power strokes/min=2000x4=8000

power (ignition) strokes per minute 8000

H.W

A four-stroke gasoline engine has 6 cylinders and operates at a
speed of 3600 rpm. Calculate:

1_ The number of power strokes per minute per cylinder

2_The total number of power strokes per minute for the entire
engine
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Example: If the MAF sensor measures an air flow rate of 25 g/s, and the

1deal air-fuel ratio is 14.7:1, calculate the required fuel mass flow rate.

(Air mass flow rate)
Air-Fuel Ratio

Fuel mass flow rate= =

Fuel= —— 1.7g/s
14.7

Therefore, the required fuel flow rate is 1.7 g/s.

H.W (Homework):
1. Explain the role of the oxygen sensor (O sensor) in improving fuel consumption
efficiency.
2. Calculate the amount of fuel required for an engine that draws 30 g/s of air, assuming an
air—fuel ratio of 14.7:1.

3. Describe the difference between the MAF sensor and the MAP sensor in terms of their

working principles and applications
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: Throttle Body Injection (TBI).2
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: Multi-Point Fuel Injection (MPFI).3

A skl (S e Gl e gsiny o
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: Direct Fuel Injection (GDI).4
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(EFI System Working Principle)is i) chall sUal Jas faa ;GG

(MAF, TPS, O,...).cislusall (go il )Ll Jii ECU A |
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(Fuel Quantity Calculation)i siaal) 3 g8 1) dsaS Aslaa sla)

(Air mass flow rate)
Air-Fuel Ratio

fuel mass flow rate= =

Example: If the engine’s air flow rate is 35 g/s, and the ideal air—fuel ratio (AFR) is 14.7:1,
calculate the required fuel mass flow rate.

Solution:
To find the fuel mass flow rate, use the following formula:

(Air mass flow rate)
fuel mass flow rate= = . ,
Air-Fuel Ratio

Substitute the given values:

Fuel= —— 1.7g/s
14.7

Therefore, the required fuel mass flow rate is 2.38 g/s
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H.W (Homework):

1. Explain the main advantages of Electronic Fuel Injection (EFI) compared
to the carburetor system.

2. Calculate the required fuel mass flow rate for an engine with airflow = 40
g/s and AFR = 14.7:1.

3. Describe the differences between MPFI and GDI systems in terms of fuel

delivery and efficiency
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(Example):

If an ignition coil produces a voltage increase ratio of 1:2000, and the battery
voltage is 12 V, calculate the output voltage supplied to the spark plug.

Step 1: the known data



. Voltage increase ratio = 1: 2000
« Input voltage (battery voltage) =12 V

Voue==VinxTurns Ratio

Step 2: Recall the formula
The ignition coil works as a step-up transformer. The output voltage is
proportional to the turn’s ratio between the secondary and primary winding

V,,+=12%x2000
Step 3: Substitute the values
V,,+=12%x2000=24,000V

Therefore, the ignition coil delivers 24,000 volts to the spark plug
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H.W (Homework):
1. Explain the difference between conventional and electronic ignition
systems.
2. Calculate the output voltage if the ignition coil has a 1:2500 ratio and the
battery provides 12 V.
3. Describe how the ECU controls ignition timing based on engine speed and

load.
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Example

If an engine draws 300 g/s of air, and the air passes through a turbocharger
that increases pressure by a ratio of 1.8:1,
calculate the new air mass flow rate entering the engine.

Step 1: the known data

« Initial air flow rate (Q1) = 300 g/s
« Turbocharger pressure ratio =1.8: 1

o Step 2: Recall the relation between air pressure and mass flow rate
When air pressure increases due to turbocharging, the density of the air also increases.
Since the engine’s intake volume per cycle remains nearly constant, the mass flow rate
of air entering the engine is proportional to the pressure ratio.

e Q2=Q1xPressure Ratio

where:
« Q2= new air flow rate after turbocharging

« Ql=Initial air flow rate
o Pressure Ratio =1.8

New Air Flow=300x1.8

Therefore, the turbocharged engine receives 540 g/s of air.
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H.W (Homework):

1. Explain the main functions of the Air Intake System and its major

components.

2. Describe the role of the Catalytic Converter and how it reduces harmful

emissions.

3. Calculate the new air flow rate if a turbocharger increases pressure from 1.0

bar to 1.7 bar, and the engine initially draws 250 g/s of air
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Example:
If the engine produces a torque of 200 N-m at a speed of 3000 rpm, calculate

the engine power.

Solution:

Tx21N
60

P=

Substitute the given values:

_200%x21x300
60

P=62.832W=62.8kW

P
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Example:

An engine produces a torque of 250 N-m at a speed of 4000 rpm. Calculate the
engine power.

Solution:

Tx21N
60

P=

Substitute the given values:

_ 250X2mx4000
60

P

P =104,720W=104.72kW

Example: Calculating Thermal Efficiency
Given Data:

« Brake Power (BP) =60 kW

- Fuel Flow Rate m?= 0.0025 kg/s

« Calorific Value (CV) = 44,000 kJ/kg

Required:

Find the Thermal Efficiency (n(/[1) of the engine

BrakePower
noo=——m—
FuelPower
601000
= — =0.545
n 44+0.0025

(Volumetric Efficiency — 1,):4zeaal) eUsl), >
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H.W (Homework):

1. Explain the difference between mechanical efficiency and thermal

efficiency in engines.
2. Calculate the power of an engine producing 180 N-m torque at 3500 rpm.

3. Describe three factors that can improve the volumetric efficiency of an

engine.
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1. Power Equation:
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Brake Mean Effective Pressure (BMEP): .Y
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d
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Example 1:
An engine produces a torque of 280 N-m at 4500 rpm after turbocharging.
Calculate the new power output.

2TINT
60

Solution: P =

_ 2m4500+280
60

P=131.89KW

P
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Slightly higher +30-40% Turbocharging

Moderate +10-20% ECU Remap

Minimal +5-10%| Exhaust Upgrade

Air Intake

Negligibl +3-5¢
cETIBIbIe /o Upgrade




Example 2: Power Increase with Turbocharging If the engine’s original air flow is
200 g/s and a turbocharger increases pressure by a ratio of 1.5:1,

calculate the new air flow rate and estimate the percentage power increase
(assuming power « air mass flow).

Solution:
Q2=Q1xPressure Ratio
Q2=200%1.5=300g/s

Since power is proportional to air flow:

300-200

Power Increase= X 100%

result: Power increases by 50% after turbocharging.

H.W
Q1:

If an engine before modification produces 120 N-m at 4000 rpm, and after
modification produces 150 N-m at 4200 rpm, calculate the percentage increase
in power.

Q2:
Explain how Turbocharging and ECU Remapping together can improve
Thermal Efficiency and Engine Response
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sale) ) Cangd s « (Engine Maintenance)<its jaall Lbua Jlae & Cllen) aal (e dglee yiind
b2 (panali, Sl Cili O gan 5 Al gl Qa5 i ey A Cppenat ) lial) Allla ) & sl

S gadal ¢ (Inspection)s!) ja¥) yasd ¢ (Engine Disassembly)Jalsil & jaal) elisisi 4 Lol
¢1Y1 s ae (Reassembly) e 33le) o3 ¢ (Repair/Replacement)tgdi i)
(Performance Testing.

(Reasons for Engine Overhaul)stl sale) ) dalad) s 1 ()
(Excessive Oil Consumption)! 3l cu 3 @lBlginl )

(Low Compression Pressure)hbinail) aaia alidil ¥
(Oil/Fuel Leakage)s 8 sll sl cu il o jusi Y

(Excessive Exhaust Smoke)—iSll aalall olaa ¢

(Knocking or Tapping Noise)d sl slia a0

(Reduced Power and Efficiency)ala)l ela¥) Ciaa 1




(Steps of Engine Overhaul Process)&_sall sUs 3ae) dias Jal ya 3(2
(Engine Disassembly):& aall dii T
(Cylinder Head). &) skl Ll 4030 o
(Connecting Rods).g ,3Y) 5 (Pistons) o«\Sall z1 4]«
(Camshaft). WSl 5 (Crankshaft) @8 el 2 e Joad o
s Vs Al s e ol ) ke
(Inspection and Measurement): o<l 5 paadll | 1T
Bore Gauge. #l2aiul (Cylinders) Sl gaul) jasé o
(Piston Wear).o=\Sall JSG il W
(Crankshaft Alignment).(38 o)l 3 sec daliinl (o SEI o
(Valve Leakage Test).Sllaall aaia jlidl
(Repair and Replacement):J\aiul s z3ay) | 11T
(Re-Sleeving). b 5l (Cylinder Boring) 4l shull aaw sisile) o
(Piston Rings).osSall Qs Jlasial
(Crankshaft Grinding).cs <)) 2 sec Jlagiul o gada o
¥ 23113 (Valve Guides) «lall s (Valves) Clelacall Jlagiul o
(Reassembly):asaaill 3als) | TV
A2aa o 320 (Bearings) Jelaal) s (Crankshaft) 88 ) dgead) (S 5
il Jazaz 1l aladiuls (Pistons) owlSall Jao) .

(Valve Timing).cllaall Cud g L s (Cylinder Head) ) shall) (uly cunis o

(Testing and Run-In):Jsedll g JL3dy) |V
(Compression Test) bliad) hia jlial
(Oil Pressure).<u 3 ki s (Temperature) 5_)ad) da ja 481 jyal Uay pxi & adll Jis
Apapde pe Gl geal Sl G agagpe e Sl

(Tools and Equipment Used)&aaiiuall & 3¢a¥1 s (*



aladioy) 4 JaladYl and) 31aY)
Jane a e £l il Torque Wrench aomdl lia
Ay o) 32l JSU Ll Micrometer ey Sl

Ul ol Jaka pasdl  |Compression Tester| asall (asd Slea

anl a5 jadl ad ) Engine Hoist & jaall dadl

FlasW s 3l e adatll ol Parts Washer  ||o)3aY) cashasi e

(Compression Ratio Formula)bbuai) ki A (¢

Vtotal
Vclearance

=Vc+Vd
CR: Ve
« CR: blaai¥l 4 (Compression Ratio)
o V;: )34 axall (Displacement Volume)

o V.: 3 nia¥ 48 ¢ aas (Clearance Volume)

Ex: An engine has a displacement volume V,=400 cm3and a clearance
volume V=50 cm3 Calculate the compression ratio.
« Solution:

Vc +Vd
Vc

CR=

50+400
CR=
50

=9

Result: Compression Ratio =9:1

Rebuilds Overhaul ¢ <idg &l (5




Rebuild Overhaul EEPIEN]

Al Aalalall o) 5a S Jebd Jlasiale) 3281 IS e ¢ 50 Alld AilecallCay el

LY AR Y djadisale) || Jarcall salaiad g el cpaad || Cangll

e Jii A4l

skl ol el

(Success Indicators)stil 3ue) dulas Flad &l y&sa aai (6
U gl ) e daka )
il 3 )l jada pp s Y
R8sl 5 ol i) (alaasl Y
igea sl )l (s pals el
(Common Mistakes in Rebuilding)dsilill sUai¥) (7
A4l ddee ATorque Wrench pladiul aae )
(Oil Passages).<u il & 58 Canlais Jlaa) Y
b olail 8 (Piston Rings) owSall cilila (a8 55 ¥
os¥) il & (Incorrect Lubricant) caulie je Cy ) aladiul ¢

H.W

QI1: Explain the main differences between Carburetor System and Fuel Injection
System in terms of performance and fuel efficiency.

Q2: If a modern engine produces 180 kW while consuming 0.0035 kg/s of fuel
with a calorific value of 43,000 kJ/kg, calculate its thermal efficiency.

Q3: If a cylinder has a displacement volume of 350 cm? and a clearance volume of
35 cm?, calculate its compression ratio.

Q4: Explain the difference between Overhauling and Rebuilding in terms of
process and cost.




ilad) Juadl)
s ‘“,.a'lﬂ\\gﬂc gdadl 3 palal)
Advanced Engine Tuning and Performance Tuning &
(<SS jaall £13) g adiial) Jaslall)
(Introduction)iesiall :¥ ol

& paall #1030 Gpean ) Caagd ) A g IV ASHIS0all COGanl) (0 Ao gana ) i
35S 5 (Torque) &) s (Power) 8581l Cus (w(Enhance Engine Performance)
(Fuel Efficiency).2 58 sl blgiul

o i g casall Llee (e adiiall (5 siuall sgd) Al o130 lualPerformance Tuning
052 bl ¢l sl (Modified Cars) dsall &) juud) 5f (Racing Cars) Gl & b
Sl Sally ) )

(Objectives of Advanced Tuning)aiial) sl Cilaa) :Lils
(Engine Power Output).&l jaall 38530 5 )
(Throttle Response).au) sall day jud) 4aiul) aess Y
(Fuel Consumption).2 58 il &gl Jl&s ¥
(Vibrations & Emissions). bl 5 <l 5 iay) Jidss ¢
. J&& (Ignition and Injection Systems) ¢l s Jasy) alai Java 0

(Key Areas of Engine Tuning sl Alae @l g8a (WG
(Fuel System Tuning)2s3 sl aldii Javia 1

(ECU - Engine s 5SIY) oSaill 3aa 5 A& (Fuel Map) 25850 (s dday A Jaaad s o
Control Unit).

Abal (Air-Fuel Ratio) 258 sll/e) sell dans avn 3 58 6l) 408 Jls5 3045
14.7:1 (Stoichiometric Ratio). & Cryull QIS jaal 4pulall 4l
(Ignition System Tuning)Judy) alai laud )
(Optimal Combustion). 1% G| jial @81 (Tgnition Timing) 3)) p&ll cud gilana
53l 5aly M Ae judl ddle S jadll 8 Sl 5 ) il i 2y W
(Air Intake Tuning)s) s¢d) (3835 s 3



(High-Flow Air Filter). Gaxill e yilds o sedl jilé Jlasial
(b shaud ¢l sl (3835 avatl) o) gl aans mraaiManifold Design (=i e

(Exhaust System Tuning)a2lal) alai laui 4
(Back Pressure). i) i jie Jdil(Free-Flow Exhaust) aulsadle cosal (aS 5 o

L & Gl adtad) a9y asaaiHeader Design (pasia) o

(ECU Remapping)4sig A asaill 3as g daa 3 3242).5
:Jie zal 2 e (Fuel & Spark Maps) Judy) s 385l hail A Jaad
ECU Flash, HP Tuners, Cobb Accessor -«
(Torque Limiter). » j=)l (o 22l si(Speed Limiter) sl ic yull (haxi (Say

(Advanced Performance Techniques)s!¥) Jasda 8 dasiial) il sla

Blal 4 5L lhuaal) sl
. et . Compression Ratio NI PR
) all 3ol s Dlecai) dvui sl )
Increase
%0+ () Jati Ay 3 68l 33l Turbocharging RS O
g bl die ¢l dlaiul Supercharging B
diliaal) 3 a8 485 330 ) Nitrous Oxide Injection Dol asi caa
d&\ﬂ\;\)@\ﬁ)\ﬁh)du& Int i ‘jJA\JJ;i).U
& jaall fiercooling (Intercooler)

(Key Performance Equations)s!®¥) (3 Lsulul ¥l ;luda

1. Horsepower Formula:

__T*rpm

HP 5252

o HP: 4:laall 3 )53l (Horsepower)



o T: a2l (Torque) 32> 52 (1b-ft)
o rpm:4adall 8¢ jaall &l Hga2ae

3. Air-Fuel Ratio Efficiency:

__ Actual AFR
Stoichiometric

(Rich Mixture)ie fala (1) « (o Jil dsal) cilS 13
(Lean Mixture) ;& hals (1) Ge S| Al cilS 1)

Ex: If a car engine produces 300 Ib-ft of torque at 5000 RPM, calculate the

horsepower.
Solution:
__T+rpm =300*5000 _
HP= =252 HP 252 285.7

Result: Horsepower = 285.7 HP

(Testing and Measurement Tools) JLiaY) g (ubl) il sluslu

alaziuy) 4 3l mllacadll 314

2dll 2 y=ll g3 yaall bl X .
sl el e éw 0 38l Gl Slea Dynamometer
Jalai s ECU by 3¢ 8 oaadl Slea OBD-II
cUady| ‘éjjjﬁﬁ“)[\ Scanner
A8y hlal) oyl 358 szl el AFR Meter
(Pre-ignition) Sl (3)_jiaY) aidl okl b Knock Sensor

(Practical Steps)*ile)) Performance Tuning 4ses <l shi :lailu
(Pre-Tuning Inspection).daeill Ji &l jaall (asd )
(Baseline Dyno Run). Azl ela¥) cilily 3¢l 3 Y



(Fuel & Spark Maps Adjustment).dxiy) 5 3 68 51l aday )a Jaaas | ¥
(Post-Tuning Dyno Run).auall axy jlial ¢
(Thermal Stability).cs ) sl D) jEiwy) 48l pe g il Jilas 0

(Common Mistakes in Tuning)bsal dlas A dailid) eUady) Ll
285 e 258 s Blgial (M (g5 e Ra Gl o @l lala Jasa )
Knocking. i « a 330 (e iS5 30 <l g5 s Y
A g iSIY) A8l Bas g ald plad ¢ Badiaa yae Jadad el g aladdal Y
G jaall jSaa cli ) sa 38 Tanall aey oY) sl Jlaa)

H.W
1.Explain the difference between ECU Remapping and Chip Tuning.

2.A car engine produces 250 Ib-ft at 6000 RPM. Calculate the horsepower.

3.What is the ideal Air-Fuel Ratio for a gasoline engine, and why is it important




e saall Juadll
e Aay) ) g pde AU 5 plalaal)
Advanced Engine Tuning and Performance Tuning &
(0¥ Jasza 5 S jaall aiiall Lanall)
(Introduction)ieidll &

A3 liS 5 431 Cppatl A paall L daliaal) dadail) e Jaawt dulee) & jadll JawsEngine Tuning
Aland) s 0l a0y ) Ao S 0 sed) Ml ooV Ul e JanzaliPerformance Tuning W

268 ol Sl 3eleS 5 Jardidl) ) jain) e Lalaal) &= (Torque) Ol ysall 2= s(Horsepower)
(Modlﬁed Uazal) Ol jluadl (Racing Cars) L) Gyl @ Loall &).J\ Jaa ed;lmf\

(Sa el el aaiCars)

(Objectives of Advanced Engine Tuning)aiiall huil) Cilsaj¢
(Engine Power Output).dsbasll 5 58l 534 5 )

(Throttle Response).<ljaall 42y yull diain¥) auad ¥
(Fuel Consumption).2 8 sl &3einl Julas ¥

(Combustion Efficiency). A3 &) sVl uuad
Jadall 3. 28 5 5 (Emissions) <Ulauy) Jud&s o

(Main Areas of Engine Tuning)<iS jaal) asd & duulal) claall @
(Fuel System Tuning)2 535l aldii auia 1

(ECU - Engine 4x 5 5SIY1 o8l 38 5 JAbs (Fuel Map) 25850 dday A Jiaad e adiay
Control Unit).

:s* 5 (Air-Fuel Ratio) 25850 () o) sedl (e Adlic dpsi (5u8a7 g8 Caagll
AFR=14.7:1

CEEICCERY PR NI M PSR RP)

(Ignition Timing Adjustment)Jasy) allii Javi 2

e J panll Juliy Wlall 23l Adaial) J8 Giaad Cusy (Spark Timing) )8l Cud g ava aby
(sl 3l sial

B3N Canaza f) Sl (31 isYIKnocking (o) o 21 aasill 5 el



(Air Intake System Tuning)s) s¢d) Jsaa allii a3
(High-Flow Air Filter).adxill e ¢l jild aS 53
(L) shaudU o) sl (3833 (paunil) adl aessIntake Manifold (s o
(Exhaust System Tuning)atal) alai Jauia 4

(Back 4slall 4a lial) Ll (Free-Flow Exhaust System) da siie asle dakail aladin) o
Pressure).

I #1A] dalee Gppaadl) Alas aile g5 JHeaders (<S5 o
(ECU Remapping)asig SSY) asaill 3as g Ay 331e).5
(Fuel & Ignition Maps).Juiy! 5 2 68 gll Jadl A Jasatl dcaradiac sal g pladial oy o
sl gl e Al
HP Tuners o
ECU Flash o
Cobb Access port o

(Types of Engine Tuning)<tS sl by g1 5l @

oa sl 4 YL mllaiadll g 5
adlall bl 3 gae ¢ pulSall Jia daball il sSal) Jpans iy M‘%Culﬁrrlligal Sl Jasal
aSaill 3as g lalac) Jiaad ECU ¢1aY) (ppeanl, Electronic Tuning|| (s Sy buall
oMl Jpead u,)ﬁzlf;:&u&d\ e Hybrid Tuning Lliaall Lyl

(Advanced Tuning Process)asiial) hudl) Lles & ghi €

(Pre-Tuning Inspection)d_aall Jida gasd )
AilSee Qe 2 s g ane (e Sl

(Baseline Dyno Run)islud) s1aY) <l 3s) @ Y
aaill J ol 5 5 )08 Gl

(ECU Maps Adjustment)dsi g A hail Al Jiami ¥
Bl g 0 85l s lasia

(Post-Tuning Test)huall 23 gaadl) sae) ¢
Boloall cla ja g elal) il e oSl

(Common Tuning Mistakes)hwal) dlas & dailil) pUaiY)$



Knocking. cuws « Jajie JQ5038 ) Al Cul 6 adi )
e 3y Dl i a3 Lads L Y
Aﬂ);ﬂ\ﬂ)\);&m)‘(—m..)ﬂ\e&.\uaﬁ@@ ¥

ECU.pSaill 8o g (ol ¢ 285550 & Jana el o pladial €
Emission Control and Environmental Considerations
(i) @ e y) g clilady) A asadll) o

Alle A sl (‘.Ai JJ(Emission Control) A3l &) sV lS jae Glilai) 8 oSail) aay
Al dglead 3 8 ol (31 sl e Al G glal) Jalas ) SIS QA ol Cus o gall O lead) dunia
_;\}@J\ 33 ¢ Cpuwalg

‘Jie Al gla Uil sda Jauds

(CO — Carbon Monoxide)os: SV 2l Jsf -

(NO, — Nitrogen Oxides)oe s sl alsl o

(HC — Unburned Hydrocarbons)4d siaall je <lign S y0ell o
(PM — Particulate Matter)aiés Claws

(Causes of Emissions)<ililagy ¢ s Gl

CO.s HC 4c &iy (Incomplete Combustion) — JelSIl e (3 3a¥) )
&5 (High Combustion Temperature) — 43 shauw¥) Jals s dlle 5 ) ja Sila jo Y
NOx.
5SSy CO &bl Y 35 (Rich Mixture) — 2585l 334 ) sl (S ¥ i ¥
HC 2 (Ignition or Injection Malfunction) — ¢l ol Jady) Javia ¢ g €
5 laall il

(Emission Control Systems)<tilay) 3 asail) dalail ¢

1. Catalytic Converter (Jléall Js=all)

o dola ye e ) Al ol jlad) Qg dads g,
o Jsaall Jah il edle Lal):

o 2C0, — 2C0O+0,

o 0,+N,— 2NO

o H0+2C0O0—0,+Cy H,

g1 e



’ Al G ) SUS jae G pa3iTwo-way Catalyst: o
LeHC sCO 5 NOy Jilii e Jazy s Wl Lalasil jiSYIThree-way Catalyst:  «

2. Exhaust Gas Re-circulation (EGR — palal & Jl& 3 523 o)

Jilis il 5 Gl a5l s Aa 0 Qi condl (5 e () paladl i jle (e 12 5 2y
NOX.

__Exhaust Gas Recirculated
Total Intake Charge

EGR Rate *100%

3. Positive Crankcase Ventilation (PCV — (3 sall 4le 4, 545 allai)
ol (5 yme U Loy sl ) G31a Y (e Al Al oy iy
4. Evaporative Emission Control System (EVAP)

3585l A (a8l As aia(Fuel Tank) #aaicbCharcoal Canister (=baic¥
5 A,

5. Diesel Particulate Filter (DPF — J_ 2 &S sl Clasual) 7 10)
Jonall a8 5 8l sial e 43Ul (Soot Particles) dadall Clawall jasy @

solall day gyl e Regeneration Process 4ubi o je Ly e

(Performance vs Emissions)<tlas g & aal) 13 O ABalle

Al Syl S8 ((Combustion Efficiency) Gl isY) sl <l j LS
NO. 3L Sl g3 all Aa jo gl ) (8 i dpilianad) 3 sl 3aly ) eV ey A S
Jie 483 el e A8l g 0 (s () 58 Ga S5y S

(o83 clalaal) @b ) Variable Valve Timing
(CAs A (3laal) aSailf)Closed-loop Control — «

(S oY) Gl (1 da) 3 L35)Oxygen Sensor Feedback — «

(Environmental Considerations)sixll & LicY) ¢

(Biofuels).cs sl 38 51 51 (CNG) 2kl 31l Jis (Clean Fuels) <iudiil) 3 g8 o) aladia



bl sl (Oil Recycling) adddiaal) <3l o g8 3ale) Y

Sl 5 o5 ) Qi (Green Design) sa3Y) azasail) ¥

(Improved Combustion Efficiency). 3 sa¥) 3¢l Gl €

sl ¢1a¥) (laal (Periodic Vehicle Inspection) <bs yall 5 9all gasdl) o

(Future Technologies)dshiiall ciliiill ¢

Caagll Ay eVl plheaal L)
Ll ey o) Al el &l ) Electric Vehicles
eV g 2 68 ) S Jalis La gl Ay Hybrid Systems
dadd cla LAy il ST PEITIIIPPRELEN Hydrogen Fuel Cells
Ll slall g cpaan Aasiall ) jeadl) Advanced Catalysts
H.W
Q1: Explain the function of the Catalytic Converter and list its main chemical
reactions.

Q2: How does the EGR System help in reducing NOyx emissions




s Q,.\'L:'d\ Sadl)
s Aal Al 5 _palaal)

: Carburetors and Fuel Systems in Vintage Engines

daial)

4 33 Ji8 (Air-Fuel Mixing) ! selb 358 1 Lla e J55mall o) aiall saCarburetor
O 2585l ol (Pressure Difference) Laall 38 lae (38 s Carburetor dexy .l shau¥) |
2 yaall Jals G Culia Jla o 5S¢l sl alala g o) A1)

(Key Concepts)isula) apliall{

i gill clhiadll
(B A8 je 4l i U8 sadae Ay ) 5l e 2 8 5 Laly Sl Carburetor
Al (e o @l s 8 ae by Lee A dihaie 8 akall alids) 3 jalla Venturi Effect
ol YV E VY Bale Al Al Air-Fuel Ratio (A/F Ratio)
oo e pull & Ul s @ el ) Jalall Jaglall 40eS 6 oSy Throttle Valve
Sl JR10 2 86l (e cull (g siua e Jadlas Float Chamber
o6l s ome () A sansall 258 1) A plais Jet

(Working Principle of Carburetor) Jss 11
oSall I (Alr Filter) o) sl g e e el sed) Jan )
ezl aidy Cua (Venturi Tube) st cossl (86l sgdl yar Y

(Float 4 521 48 & JA (1 (Jet) 48 5ill e 2 8 51 cons ) sl (8 (liail) (a5 T
Chamber).

3 cdia (Air-Fuel Mixture) 258 5-¢) s Jaala 0 Sl o) sl 0 8 1) o iy €
(Throttle Valve). Gl slaa JIA (e Laaldl) 40K oSl 5y 0




(Types of Carburetors)
ha gl g5
S Al IS ) 8 anding eV ) JaY) e ol sgdl 3aNY Updraft Carburetor
Lo Al @l jlnd) 830l ST Jan) ) AoV e ol sgdl 3o Downdraft Carburetor
Aapail) il 1)l ) b padiiey il o) gel) iy Horizontal or Side Draft Carburetor

1l Sall Jadii (Fuel Systems in Vintage Engines)aaSsdlSll cils jaall A 368 glf dakii)

« Fuel Tank (284 o)) )3)
o Fuel Pump (2585 4aaq)
« Fuel Lines (2585 i)
« Carburetor (cSall)
o Air Filter (s 5¢ll = )
(Fuel Injection Systems). sl Giall dadail 8 S 35 5SU aSas gl ) 52 JolSIly SilSie IS8 alaill Jasy

(Advantages of Carburetors): </ jeall

Adlpall e s g pranai o
pSaill o i< M zlisg Y
Aaadng Ay,
(Disadvantages of Carburetors):<: s
il Ay St i daiiiedis
AR5l e 3 Jld e
Aaal) sl Al & e e il
H.W

Explain how the Venturi effect helps in fuel delivery in a carburetor.
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