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Definition of ICE

A heat engine that converts chemical energy in fuels into mechanical power. in
which the heat source is the combustible mixture/burned products that also
serves as the working fluid. (1% Year Thermodynamics!!!)

An internal combustion
engine 1s one m which the
combustion occurs within the
engine itself.

An external combustion
engine 15 one  where
combusfion occurs outside
the engine system. and heat
fransfers 1s wvia a heat
exchanger.




Internal Combustion Engines

ECE: Steam power plant. Solar power plant. Nuclear power plan
ICE: Reciprocating piston engine. Rotary engine, Gas turbine. Jet engine

Internal Combustion engines

* Produce work by pushing on a reciprocating piston or turbine blades that drives a
rotating shaft.
* (Creates a high-momentum fluid that is used directly as propulsive force

MMA4ICE focuses on powertrain
designs for automotive applications



Engine types

Basic engine design

Rotary engine Reciprocating engine
. (Wankel engine
in Mazda models)

Single

cylinder Opposed cylinder - Porsche 911 Radial Aero engine




Subaru Boxer Engine, 6 cylinder, 3.61; 256 hp@ 6000rev/imin 247 |b-ft
@4800rev/min

Pistons, connecting rods, camshafts, crankshaft, camhaft belt drive off crankshaft




Largest & Smallest ICE

Wartsila-Sulzer RTA96-C turbocharged two-stroke diesel

(Application: large container ships)

Cylinder bore: 1m. Stroke: 2.5m; 14 cylinder version; Weight: 2300 tons; Length:
27m; Height: 13m: Max. power: 80.568 kW @ 102 rpm:

Max. torque: 7.603.850 Nm @ 102 rpm:

BMEP: 18.5 atm.

Application:
Weight:
Bore:
Stroke:

Displacement:

Speed:
Power:
BMEP:

Model airplanes
0490z.=139¢
0.2377 =6.02 mm
0.2267 =5.74 mm
0.00997 13 (0.163 cm?)
30.000 rpm

3 watts

0.36 atm (low!)




Engine components

Intake valve, Camshaft
Tappet/Rocker arm Exhaust Valve,
Spring Tappet/Rocker Arm
Spring
Valve cover o
Spark plug
Intake port
Exhaust port
ol Piston
Combustion chamber
Wrist/Gudeon pin Connecting rod
Coolant
Rod bearing
; Crankcase
Engine block i
Oil pan




Classification of ICEs

Method of ignition : Spark 1gnition (SI): Compression ignition (CT)
Working cvcle: 4-stroke cvcle: 2-stroke cycle
Air intake process: Naturally aspirated: supercharged: turbocharged.:

Method of cooling: Air cooled: Liquid cooled/water cooled: Uncooled (besides
natural convection and radiation)

Combustion chamber design: Open chamber (disc, wedge. hemisphere, bowl-
in-piston): Divided chamber (swirl chamber, prechamber)

Method of load control: Throttling of fuel and air flow together to maintain
mixture composition: Control of fuel flow alone: Combination of both




Geometrical properties of reciprocating engines

Top-Dead-Center (ITDC)
Piston comes to rest at furthest point away from
crankshaft. when cylinder volume 1s minimum

A |
e @ Bottom-Dead-Center (BDC)
——— = Piston comes to rest at closest point from crankshaft
| when cylinder volume 1s maximum
Bore, B
Diameter of the cylinder

it
P Stroke, L
P L 1 |
/ N\ Distance travelled by piston from one extreme end to the
z'n:r*!I1k (- I‘I - other (TDC to BDC}
" /
el Clearance volume, V'

BC Minimum cylinder volume




Spark Ignition (SI) engine

Combustion chamber: typically pent-roof

Homogeneous combustion

*Air/fuel premixed outside the cylinder (except DISI)

* Spark ignites the mixture

*Combustion rate is controlled by the flame propagation
*Intake throttle to regulate quantity of charge (quantity
controlled)

*Compression ratio typically 10:1 ( avoid charge
starting to burn too early)

propagates
Work output il
: A . sii < from pomt of
* Quantity governed — quantity of air and fuel regulated onition
* AFR is constant at stoichiometric value (14.7)
for most conditions

26




Compression Ignition (CI) engine

Fuel injector

Combustion chamber: bowl-in-piston Fuel plume

FH»

~,
\ 4

Heterogeneous combustion

* Fuel injected late in the compression stroke

* Auto ignition occurs due to high compression temperature/pressure
* Rate of fuel and air mixing controls the combustion rate

Work output
* Quality governad - fuel injected regulated to change work output: air not regulated
* AFR changes over time




Operations of a 4-stroke SI engine

Induction/Intake s Compression

Piston travels downwards; Intake valves open Li""E "f jl Intake valves close; Piston travels
Partial vacuum (low pressure) mside cylinder i‘ﬂ?& upwards

Mixture of air and fine nust of fuel 1s B Mixture 15 compressed to hugh
delivered by carburetor or an injection system pressure and temperature

into intake port Near the end of the stroke as piston
Atmospheric pressure pushes fuel / air approaches TDC, 1gnition occurs
muxture mto cylinder Engine does work on working flind

Engimne does work on working flud

Expansion/Power Exhaust
Cc-mbus.tl_nn propagates; Mixture Exhaust valves open near BDC; Piston
composition changes; Pressure and travels upwards
tep]perature terease _ Pressure differential pushes exhaust gases
High pressure created forces piston out of eylinder

downward, producing work output
At the end of expansion, pressure
and temperature drop

Workmg fliud does work on engine

At the end of the stroke, exhaust valves close
Engine does work on working fluad




Operations of a 4-stroke CI engine

Induction/Intake I . Compression

ET?;’]‘ Piston travels downwards; IﬂIHkE[ S /::: Intake valves close; Piston travels upwards

'ﬁl\t& ,,Z_: valves open :
w” 1 Partial vacuum (low pressure)
t

inside cylinder

Atmospheric pressure pushes air / {

FJESTOR

Air compressed to higher pressure and
temperature than i SI (due to higher CR)

| 4. Near the end of the stroke as piston
. ;ﬂ' 3] approaches TDC, fuel injected directly into

ﬁ‘a into cylinder H“ R:, combustion chamber
| Engine does work on working S Fuel vaporisation due to hot air entrainment
fhud and atomisation; Autoignition occurs

Engine does work on workmg flud

- Expansion/Power Exhaust
)f/: Combustion fully developed by TDC at éiﬁg Z Exhaust valves open near BDC;
+;.2.7 — constant pressure until fuel injection g ""\4‘2’2—-? Piston travels upwards

ceased Pressure differential pushes exhaust
Muxture composition changes; Pressure Ui U gases out of cylinder

v, and temperature increase /53, Atthe end of the stroke, exhaust

- : %W
)} High pressure created forces piston W\ / valves close

~ downward, producing work output “;::;;? Engine does work on working fluid
Pressure/temperature drop at the end of
expansion

Working fluid does work on engine

0



Operations of a 2-stroke SI engine

Compression 1

As piston travels upwards, transfer
port closes follows by exhaust port
Trapped charge 1s compressed to
higher pressure and temperature
Underside of piston 1s drawing in an
awr-fuel mixture into the crankcase
through a spring-loaded non-return
mnlet valve.

Expansion 1

Combustion at almost constant volume
near TDC

Mixture composition changes;
Pressure and temperature increase
High pressure created forces piston
downward, producing work output
Fuel-air nuxture in crankcase
compressed by downward motion of
piston

' At BDC, transfer port uncovered and

' cylinder

Compression 2

Spark 1gnition occurs near TDC
at the end of the compression
stroke

Combustion at almost constant
volume near TDC

Expansion 2

Near the end of power stroke, exhaust
port uncovered and exhaust blowdown
occurs

compressed charge expands mnto
Some remaming exhaust gases are

displaced by tlus fresh charge — flow
mechanism called “loop scavenging’

30



Operations of a 2-stroke SI engine

Expansion 1 Expansion 2

Combustion at almost constant - Near the end of power stroke,
volume near TDC = exhaust port uncovered and
Mixture composition changes: | \ _ exhaust blowdown occurs
Pressure and temperature increase | | AtBDC, transfer port uncovered
High pressure created forces i -' - and compressed charge expands
piston downward. producing work | || into cylinder

output / _ Some remaining exhaust gases are
Fuel-air mixture in crankcase 1 displaced by this fresh charge —
compressed by downward motion ...  flow mechanism called ‘loop

of piston scavenging'
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Marine Diesel Engine )

= Components of Marine Diesel Engine:-

ML G D =

9.
10.
11

Bedplate

Frame Box
Crankshaft
Camshalft

Piston

Piston Rings
Liner
Connecting Rod
Cylinder Head
Inlet and Exhaust Valves
Turbocharger




Marine Diesel Engine T)
1. Bedplate:-

= ]t works as a foundation block for the
marine diesel engine.

= They are right at the same time
strong & flexible to support weight
and handle fluctuating forces
produced by the engine.




Bedpleyt mukavemeti saglamak
BEDPLEYT icin enine ve boyuna Kirisler veya
girderlerle guclendiriimiglerdir.
+ Bedpleyt ana kaide (foundation) uzerine Boyuna kirisler krank mili

oturur. ana yataklarini tasir.
+ Makinenin blok ve krank mili yataklarini : . .
Enine Kirgler Ise gaz

uzerinde tasir.

- Alt karter olarak da ifade edilir ve yaga
depolukta yapar(jenerator dizellerde).

basincindan gelen yuku tasirlar.

Continuou
box girder




Konnektin rod (biy

Egzoz
Manifoldu

Kroset
Krank mili



Marine Diesel Engine ()

2. Frame Box:-

= They support the cylinder block. It is
separately  fabricated  structure
mounted on top of the bedplate.

= They carry crosshead guides while
supporting the cylinder block & are
secured to the bedplate using bolts.




A-frame

Dizel motorlarinin orta bdlumund
olusturan silindir veya silindir
bloklarini tasir. ‘Ust karter ve
‘Krankkeys’ adini da alir.

Dizel motorunun tim hareketli
parcalarini muhafaza eder.

Silindir blokunu b

=

00000 I

 TTTLTLILT




Bedpleyt ve A-frame baglantisi |Gayitlar

* Pistondan gelen yanal
gaz kuvvetlerini (normal
kuvvetler) Uzerine
alarak gémlek
asinmasini azaltirlar.

Yuksek guclt dusuk devirli bir motora ait bedpleyt, A-frame ve boyuna
ve dikine mukavemet kirisleri ile palamar yataklari



Egzoz
Manifoldu

Egzoz valfi

Tirbo —y
doldurucu 47




Marine Diesel Engine ()
3. Crankshalft:-

= [t is a key component of an engine
transmitting cylinder power to the
propeller shalft.

= Jt is subjected to high torsion &
fluctuating bending and shear
stress.




Marine Diesel Engine
4. Camshaft:-

= [t is control device which operates
inlet valve, exhaust valve and fuel
injector.

= Jt operates these valves with the
help of cam follower, rocker arm and
push rod.




Kam mili: Kam mili hareketini krank milinden zaman ayar dislisi zinciri veya triger
kayisi ile alarak supaplarin agilmasim ve agik kalma siiresini avarlar. Ayrica yag pompasi
benzin pompasi gibi par¢alarin ¢alismasini saglar.

Sekil 5.7

Egzoz kam mili me kam mili

Zaman ayar zinciri

T

Zincir gerdirme
diizencg

Supaplar: Emme ve egzoz olmak (zere iki ¢esittir. Silindir igerisine benzin hava
Karigimi girisini ve yvanmig gazlarin disariva atulmalarin saglarlar.




7 5
&/

Marine Diesel Engine

5. Piston:-

= Jt is to convert the force of
expanding gases during combustion
process to mechanical energy.

= A piston can be called as the heart of
an engine as it transform all that
energy under fluctuating thermal &
mechanical stress.

Mr. Bharat Khuman



Marine Diesel Engine
6. Piston Rings:-

= [t provides sealing of combustion
chamber by expending outwards. It
also prevent the combustion gases
leak or escape from the space in
between cylinder head and piston
Crown.




Egzoz
Manifoldu

Egzoz valfi

Tirbo
Piston

1 T, -4
< SR
l ; -

Piston rod

Krank mili




Piston ve segmanlar: Pistonlar silindir i¢inde ¢alisir. Zamanlarin meydana gelmesini
saglar. Yanma sonucunda mevdana gelen 1s1 enerjisini mekanik enerjive doniistiiren motorun
ilk parcasidir. Segmanlar piston tizerindeki vuvalarina takilir,

Kompresvon ve yvag segmani olarak ikive ayrilir. Kompresyon segmanlart sikistirma
ve is zamanlarinda meydana gelen basincin piston ile silindir arasindan kagmasini engeller.
Yag segmanlari ise silindir yiizevindeki fazla yag: siyirarak vagin yanma odasina gegmesini
onler.




Egzoz
Manifoldu

Tiirbo —
doldurucu _\_ .

Emme
portlan

Kroset

Krank pin

Il
Il

yatadi

Krank mili

1
I

||
1|

1

N —

Egzoz valfi

Piston

Piston rod

Konnektin rod

A-frame

Piston st parcasi
Segman yuvalar

Bronz bantlar
Piston Etedi

—Teleskopik borular

— Piston Rod

Kroset Kizag
Kroset Yatad

v

' Kroset Yatak Selleri

~—— Konnektin Rod

Konnektin Rod yatak
ve selleri

OIL FLOW




KROSET ve KROSET YATAGI
*

Biyel kolu (Piston kolu): Pistondan aldigi hareketi krank miline
ileterek pistonun dogrusal hareketinin dairesel harekete cevrilmesine
yardimci olur.

Krank mili: Krank mili Gst kartere (motor blogu) yataklandirilir. Pistondan
aldigi dogrusal hareketi dairesel harekete cevirerek volana iletir.




Marine Diesel Engine ()

1. Liner:-

= Jt is to provide durable and heat
resistant combustion chamber.




Silindir Bloku ve Laynerler




Silindir Bloku ve Laynerler

« Silindir bloku: tGzerinde piston ve layneri
tasir.

* Yanma esnasinda aciga cikan Isinin
atilmasi icin icerisinde sogutma kanallari
aclimistir.

- Layner: Silindir blokuna siki gecirilir.
Disindan sogutucu kanallari acimistir.
Sizdirmazligr saglamak i¢in st ve etek
Kisimlari o-ringlerle donatiimistir.

» Yanma esnasinda segman ve laynerin
asinmasini énlemek icin honlama cizgileri
acllmistir. Ayrica yaglama i¢in tUzerlerine
acllmis kanallar vardir.Bu kanallara
lubrikeyter adi  verilen  yaglayicilar
badlanir.




Baglanti civatalari (Tie Bolts)

Bedpley, A-frame ve Silindir blokunu
birbirine baglar.

Yanma ve kompresyon islemleri
esnhasinda bedpleyt-A-frame ve A-
frame-Silindir bloku arasindaki civatalar
cevrimsel yorulmalara maruz Kkalirlar.
Bu etkilerin ortadan kaldirilmasi icin t¢
blok badlanti civatalari vasitasiyla
birbirine baglanir.

Entablahme

Frame

e | Bedplate




Marine Diesel Engine
8. Connecting Rod:-

= Jt does the function of transforming
the reciprocating motion of a piston
into rotary motion of crankshaft.

= [t is fitted in between a crosshead &
crankshaft in two stroke marine
diesel engine, while in between
gudgeon pin & crankshaft in four
stroke engine.




BIYEL

Bir ucu piston pin veya kroset
pine bagli, diger ucu krank pin
araciligiyla krank miline
baglanir.

Gorevi: pistonun  eksenel
hareketini salinim hareketi ile
krank milinin dairesel hareketine
cevirmektir.

Piston pin ve krank pine
yataklar vasitasiyla baglanir.
Biyel icerisine aciimis boyuna
kanallar vasitasiyla basincl yag
ile yaglanirlar.




Piston pin
yatagi
Krankpin
yataqgi
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Egzoz valfi
Piston
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A-frame
| —}— Bedpleyt
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Marine Diesel Engine
9. Cylinder Head:-

= ]t is the top part of the combustion
space;  while supporting all
necessary valves required for the
operation such as inlet, exhaust, &
fuel injector.




Kaver (Silindir Baslhgt)

Uzerinde enjektor,

Yanma odasinin Ust kismini olusturur.

emniyet valfi,

ilk

hareket valfi ve indikatér muslugunu
barindirir.

Tek parcall oldugu gibi yuksek guclu

motorlarda

edilirler.

iki

parcall

olarak

imal



Silindir kapag: ve silindir kapak contasi: Silindirlerin {izerini Kapatarak yanma
odalarint olusturur, glintimiizdeki motorlarda kam mili supap mekanizmasini ve baz1 motor
par¢alarim {izerinde tagir. Silindir kapak contasi silindir blogu ile silindir kapag: arasina
konarak iki parga arasinda sizdirmazhg: saglar.

Injector
Salety valve
4 ty

Indicator
cock

Silindir kapag
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Egzoz
Manifoldu

Egzoz valfi I >

Piston

Piston rod

Konnektin rod (biyel)

Hidrolik
Pompa

Y
¢?igsl .

A-frame

— Bedpleyt

Krank mili

© RART 2001




Marine Diesel Engine
10. Inlet & Exhaust Valves:-

= The function of inlet valves in a four
stroke marine diesel engine is to
inject a charge of fresh air in the
combustion space, while the work of
exhaust valves all marine engines is
to eject out all the byproduct of the
combustion.

= Large two stroke marine diesel
engine have only exhaust valves
mounted on the cylinder head.




Marine Diesel Engine
11. Turbocharger:-

= The function of a turbocharger is to
increase the overall power &
efficiency of an engine.

= [t has two main parts:

e Blower
e Turbine




Turbocharging

Pulse-driven turbine was invented and

patented in 1925 by Buchi to increase

the amount of air inducted into the engine.

- Increased engine power more than offsets
losses due to increased back pressure

- Need to deal with turbocharger lag

Power & Torque Trends for Diesel

& Gasoline
ned
3 - . Improved
- ot *Fuel economy
: *Torque
S e Teto 1
y o artome Power density
g o
“ so 10 14 Dioenl » ® s 0 0 %0

Specific Power (kW per litre)




Turbocharging

Purpose of turbocharging or supercharging is to increase inlet air density,
- increase amount of air in the cylinder.

Mechanical supercharging
- driven directly by power from engine. Air Flow in the VW Twincharged TSI

. Fresh air
Turbocharger - connected compressor/turbine D {}

- energy in exhaust used to drive turbine.

Supercharging necessary in two-strokes
for effective scavenging: <
- intake P > exhaust P Electomagnetc

cluch

- crankcase used as a pump Ay Uni
belt

Some engines combine engine-driven and
mechanical (e.g., in two-stage configuration).

Katatysalor
Catnlyst

Intercooler after compressor
- controls combustion air temperature.

A




Turbocharging

Energy in exhaust is used to drive
turbine which drives compressor

Wastegate used to by-pass turbine

Charge air cooling after compressor
further increases air density
- more air for combustion




Exhaust gas

Turbine

Compressor

Cooler

I ><]

Flap 8 (special case)

Intake air

 Turbocharger is an integral part of the ship’s marine
engine as it reuses the exhaust gases in order to

increase the overall efficiency of the engine.

*|t consists of two parts — blower and turbine sides,
which need equal attention while carrying out routine
maintenance procedures.

*As a marine engineer working on ships, you would
be required to monitor the performance of
turbochargers during the watch and carry out
maintenance whenever required.

Turbocharger and turbocharged engine.






Automotive compressor

Centrifugal compressor typically used in
automotive applications

Exit Flow

| Discharge |
~ | Connection

Provides high mass flow rate at
relatively low pressure ratio ~ 3.5

Rotates at high angular speeds

- direct coupled with exhaust-driven
turbine

- less suited for mechanical e
supercharging

Shaft

Consists of: Inlet Flow o

Center
Housing

stationary inlet casing,

rotating bladed impeller,

stationary diffuser (w or w/o vanes)
collector - connects to intake system

impeller ’
(or Wheel) './‘ f




Dort Stroklu Motorla iki Stroklu Motorun Karsilastirmasi

Iki Stroklu

* Her turda is elde edilir.

+ Skavenc kayiplar glic
avantajlarini 1.8" e dasurdr.

* Ayni gic ciktisi icin daha hafiftir.

+ Kompleks valf mekanizmasi vardir

+ Gemi tahriki icin pervaneye
dogrudan baglanir

* Devri 80-100 d/d arasindadir ve
gemi sevki icin kullanilir.

Dért Stroklu

ki turda bir is elde edilir.

Yuksek devirlerde daha verimli
calisir

Daha az yaglama yagi harcar
Motor tahrikinde devir dusiriciye

thtiyac vardir.
Orta devirli motorlar (250-750 d/d)
ayni zamanda jeneratérlerin
tahrikinde kullanilir




1.11. Silindirleri Senteve Getirmek

L.11.1. Motorlarin Doniis Yonlerini Belirleme Yontemleri

Motorlarin déniis yonlerini varsa Kataloglarina bakarak veva atesleme sirasina gore
tespit edebiliriz.
1.11.2. Sente ve Supap Bindirmesi

Sente: Sikistirma zamani sonu is zamani baslangicinda pistonun U.O.N de bulundugu
anda her iki supabimn kapali oldugu duruma sente denir.

QYA

\ \\

~
/




Supap bindirmesi: Hgroz zamanim sonu emme zaman baglangicinda  pistonun
LLOWN de bulundugu anda egzoz ve emme supaplarinin beraberce bir siire igin acik kaldigi
durama supap bindirmesi denir.

talu
Efmee sipap aple | BT sipepd bagmang

— Supan tnditmesi

Eganz sapapt

&M




CALISMA PRENSIPLERINE GORE

Dizel motorlarini calisma
prensiplerine gore ikiye ayirabiliriz;

e a- ki zamanl dizel motorlari
e b- Dort zamanl dizel motorlari



Iki Stroklu Dizel Motor

<+— Nozzle

''''''

>~ — Exhaust port Ignition
~ ] occurs
Deflector - =9

Transfer _,} <— Intake port
port A O — T

Piston ¥4

Exhaust

__Connecting
rod

V—»

Crank shaft

Crank Indicator diagram for 2-stroke C.I. engine



INLET EXHAUST

Dort Stroklu Dizel Motoru

VALVE | VALVE |
. Lo P o
o 8 i
’
. < "
= .~ -
C !
o
S
INDUCTION comrRESSION ¥ o, B o
| STROKE — r
[T
g 8oC STROKE %€ smoke ®¢ | smoxe B¢
A ®

compression [ expansion

high pressure cycle

1

charge exchange

) low pressure eycle




1.4.5 Zamanlarmma Gore
1.4.5.1 Dort Zamanh Motorlar

Sekil 4.10

Emme, sikistirma is ve egzoz zamanlarimin krank milinin 720 derece dénmesiyle
meydana geldigi motorlardir. Bir zaman pistonun U.O.N dan A.ON ya veya A.O.N dan
U.O.N ya hareketiyle meydana gelir.

1.4.5.2 iki Zamanh Motorlar

Sekil 4.11

Bir ¢evrimin (emme-sikistirma-is egzoz) krank milinin 360 derece dénmesiyle
meydana geldigi motorlardir. Bu motorlarda pistonun U.O.N dan A.O.N ya hareketinde is ve
egzoz zamanlar, A.ON dan U.ON ya hareketinde ise emme ve sikistirma zamanlari
meydana gelir.



SILINDIR YERLESTIRME SEKILLERINE GORE

a-Tek silindirli
b-Sira tipi c-V
tipi

®) © d-Karsit
silindirli e-W tipi
f- Karsit pistonlu
e- Yildiz tipi

g- H tipi




DEVIR SAYILARINA GORE

Dustik devirli dizel motorlar: Genellikle
devirleri 400 d/d olan

« Orta devirli dizel motorlari:
Devirleri 1000 d/d'ya kadar olan

* Yuksek devirli dizel motorlari: Devirleri
1000 d/d'dan buyuk olan



Agir Devirli

Orta Deuvirli

Yiksek Devirli



PISTON BAGLANTILARINA GORE

« Dogrudan dogruya piston

pimi ile (direkt baglama)
* Kroshed vasitasl ile
(endirekt baglama)




1.4.6 Cevrimlerine Gore

1. Otto ¢evrimi
2. Dizel ¢cevrimi
3. Stirling ¢evrimi

1.4.7 Yaktig: Yakitlara Gore

Otto ¢evrimine gore ¢alisan icten yanmali motorlarda, yakit olarak benzin kullanilir.

Dizel ¢cevrimine gore ¢alisan icten yanmali motorlarda, yakit olarak motorin kullanihr.
Giintimiizdeki baz1 otomobillerde 6zel vakit devresi sistemleri sayesinde yakit olarak LPG,
dogal gaz ve hidrojen gaz kullanilabilmektedir.

1.4.8 Sogutma Sistemlerine Gore
Sivi ile sogutmali motorlar: Yanma sonucunda silindirlerde olusan 1simin disari
atilmasi i¢in silindir blok ve kapaginda sogutma sivisi dolasan motorlardir.

)

Soguk hava

Sekil 4.12

Hava ile sogutmali motorlar: Bu motorlarda ise yanma odasinda olusan 1s1 silindir
bloguna yonlendirilen havanin akimi sayesinde atmosfere atilir



Dort Stroklu Dizel ve Benzin Motoru

Emme Egzoz
Valfl valfi
T : Silindir
«+— Piston )
\ Benzin Motoru
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1.10. Supap Zaman Avar Diyagrami

Motorlarda en viiksek verimin ¢lde edilebilmesi i¢in supap avarlarimin ¢ok hassas
vaptlmas: zorunludur. Piston kursu ve silindir icersindeki basing esas alinarak emme.
sikistirma, 1§ ve egzoz zamanlaninin olusmasim, ve supaplarin agihip kapanma verlerini
(krank mili déniis agisina gore) gosteren 720° Lk ¢ift daweye supap avar divagrami

dentlmektedir.

-

E
i

s

Motorlarin ¢alisma prensiplerini ve zamanlarini incelerken teorik olarak her zamanin
180% devam ettigini; diger bir anlatimla. supaplarin U.O.N. d¢ agihip A.ON. de kapandigini



L1101, Emme Supabimn Acilma Avansi(EAA)

Emme supabimin, piston UON. den harckete basladizi anda agildigim diisiinelim. Bu
durumda. kansim (dirck enjeksivonlularda hava) hemen silindirlere girmez. Cdnkil kansim
durgun halde bulundugundan, harekete baslavincava kadar bir zaman geger,

Sekil 10.2

EAA  UON

AON



L10.2. Emme Supabimn Kapanma Gecikmesi(ERG)
Emme zamaminda. pistonun UON. den AON. ve dogru hizla ilerlerken, varatuig:

vakum nedeni ile hava vakitla kansarak silindirlere dolmava devam eder. Piston AON, ye
geldiginde silindire dolmakia olan kansum, heniiz piston viizeyine yvetisememistic. Buna gore
piston LLON. ve dogru ¢ikmayva basladig halde, silindirlere kansun girmeye devam eder.

UON

EKG
| AON

Sekil 10.3



Bir taraftan piston taratindan silindir hacminin kiiglilmesi. diger taratian karisimn
silindire girmeve devam etmesi tle silindir igindeki basing kisa zamanda atmosterik basinca
esitlenir. Yapilan denevler sonunda. motorun hizina bagh olarak piston A.ON. vi 40°-60°
cece sitlindirm icindeka basmein atmostertk basmea esitlendign gdrilmistir. Emme supabi bu
anda kapatilirsa, cn cok kansim silindirlere alimmus olur. Daha sonra kapatilmast. bir kisum
karisimin emme manifolduna bosalmasma. daha dnce kapatlmasi ise silindirlere veteri kadar
karisim girmemesine ve motorun hacimsel veriminin diismesine neden olur. Bévlece teorik
olarak 1807 devam etmesi eercken emme zamam 2307 - 240° devam etmis olur,

L1103, Atesleme Avans

Diyagram incelendidinde, atesleme noktasinn piston LULON, ve gelmeden 3°-35° dnce
oldugu ebriiliir. zamanlan icelerken kansumn istenilen sekilde vanabilmest ., gerekl
olan zamamn hesaplanmasy atesleme avansimin her motor icin degisik olmakla beraber.

motorun devir adedine gére degistigi gorilir.



L.10.4. Egzoz Supabi A¢ilma Avans(EgAA)

Egzoz supabi. piston ALON va geldigi anda agilacak olursa cgzoz gazlan is vapmadig
halde. silindirlerde daha vzun zaman kalomis olacaktir, Clinkil sikistirma zamani sonunda
ateslenen karsimin mevdana getirdigi vanma sonu basinet piston ULON. vi 5% - 107 geginee
en vilksek deferine ulasnus olur ve bu basing ile piston A ON. yve dogru itilir. Piston A.ON.
ve vaklaginca silindir igersinde hacim biiy imesi oldugu igin vanma sonu basinct azalarak 4-7
bara kadar ditser. Artik yvanmis gazlarnn piston iizerine bir etkisi olamaz

Sekil 10.4

EgAA

AON



() halde egzoz gazlaninin disart atlmava baslamast gerekir. Piston A ON. ye 40°-70°
kadar vaklasmca. cgzoz supabi acihirsa icerdeki vanmus ecazlann basincr. atmosierik
basingtan fazla oldugu i¢in piston AON. ve dogru gitmesing ragmen. egzoz gazlar
kendiliginden disart ¢ikmava baslar. Bovlece piston A ON. viasip. UON. ve dogru harcket
ederken tizerindeki geri basing en az degere inmis olur, Yapilan denevler sonunda cozoz
eazlarimin geri basiner 1.2 -1.5 bari gegmemesi gerektigi belirlenmistir.



1.10.5. Egzoz Supabi Kapanma Gecikmesi(EgKG)
Egzoz gazlar, silindirlerden disan iki sekilde atilir:

a) Egzoz supabi erken agildiginda 4 — 7 barhik fazla basincin etkisi ile gazlar kendi kendine
silindirden disariva ¢ikar,

b) Pistonun A.ON. dan U.ON. va gelirken silindir hacmini siipiirmesi ile silindir digina
atulir. Piston U.ON. va geldigi zaman. ¢gzoz supabi hemen kapatlirsa. vanma odasi
hacminde harcketsiz kalan egzoz gazlar disan atilamaz.

'UON
EgKG

| AON
Sekil 10.5



Bu ise. emme zamanminda silindirlere alimacak olan kansmim miktarim etkiler. Bu
nedenle. egzoz supabi piston [.O.N, v1 10 -15% geginee kapatihirsa | stlindirlere dolmaya
baslavan taze kansim. bir miktar daha egzoz gazimn vanma odasindan disan atlmasim
saglar, Ciinki. emme zamam baglangicinda piston izt az, oldugundan vakum hentiz azdir,
Taze kansimin agirhin ile vanmis gazlar vanma odasing terk eder. Egzoz supabi denevlerle
belirtilen degerlerden daha geg kapatlirsa silindirlere egzoz gazi emilmeye baslanir. Burava
kadar aciklacdh2imz bilgilerden ¢ikardizumiz sonug: supap avarlanimn titizlikle vapilmas ile
motor veriminin artacagr ortava kovulmakiadir, Yanlis supap avarn ise motor veriminin
dilsmesine sehep olur,
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IKi ZAMANLI DIZEL MOTORLARI

Siipiirme Sikistirma Atesleme Genlesme
Eksoz



Calisma prensibi

SIKISTIRMA :

« Portlar kapatildiginda
sikistirma baglar.

« Sikigtirma sonu basing
ve sicaklik 100 bar ve

500 OC nin Uzerine c¢ikar.
- Yaklasik 110 "KMA siirer.




Calisma Prensibi

Yanma:

« UON dan hemen 6nce
enjektor vasitasiyla
yakit atomize olarak
silindire puskartaltr.

* Yanmanin etkisiyle
basing hizla artar.UON
dan sonra pistonu ig
yapmak tizere AON ya
iter.




Calisma Prensibi

Genisleme:

* Yanmig gazlarin
genislemesiyle is elde
edilir.

« UON dan 110

KMA sonra egzoz
valfi acilir.




Piston AON ya yaklasirken
emme portlari acllir.

Giren Taze dolgu silindir
icerisinde kalan artik gazlari
supurdar.

Taze dolgunun artik gazlari
temizleme islemine skaveng
(stplrme) denir

Emme portlari UON dan
yaklasik 140 0KM_A sonra
acilir. Pistonun AON dan sonra

portlari tekrar kapatmasina
kadar devam eder.



ki Zamanli Motorlar

 Biyelin acgisal hareketi nedeniyle yanal
kuvvet silindire piston etegi (trank)
vasitasiyla gerceklesir. Bu nedenle bu
motorlara 2 stroklu trank pistonlu
motor da denmektedir.

* Piston etegi sikistirma esnasinda emme
portunu kapadigl! icin emme havasinin
krankkeysi (karter) basinc altinda
tutmasinin 6nlne gecilmis olmaktadir.



2 Zamanli Motor Zamanlama
Diyagrami

1 -2 Compression

2 - 3 Fuel Injection

3 -4 Power

4 - 5 Exhaust Blowdown

5 - 6 Scavenging

6 - 1 Post Scavenging




2 Zamanli Motor Zamanlama
Diyagrami

. approx 110° BTDC
. approx 10° BTDC
. approx 12° ATDC
. approx 110° ATDC
. approx 140° ATDC

. approx 140° BTDC



ki Zamanli Motor




ki Zamanli Motor




ki Zamanli Motor




ki Zamanli Motor




ki Zamanli Motor
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ki Zamanli Motor
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