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Pozitif Karter Havalandirma Sistemi
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ikili sistem — Diis(ik hizlarda DAS (izerinden havalandirma,
dénme sayisi artiginda diger sistemin de devreye girmesi

Egzoz Gazi Sicakliklar

Buji Ateslemeli Motorlar (Benzin Motorlari)
Ortalama 400 — 600° C

Bosta calisma kosullarinda 300 — 400° C

Tam yukte 900°C

Yanma odasi sicakliklari, supap acildiginda 200 — 300° C daha
yuksek

Sikistirmal Ateslemeli Motorlar (Diesel Motorlar
Ortalama 200 — 500°C

Genisleme oraninin yiiksek olmasi nedeniyle gazlar sogumakta



Egzoz Gazi Sicakliklari
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Figure 5.2 Effect of engine speed and ignition timing on exhaust temperature
[Ueno (2000)].

Egzoz Cikig Degerleri
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Egzoz Gazi Sicakliklari
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Egzoz Emisyonlar - HC
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Egzoz Emisyonlari - NOx
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Emisyonlarin Kontrolu

Yanma ile ilgili 6nlemler:

EGR (Exhaust gas recirculation)
Su ve Alkol piiskiirtme

Egzoz sistemindeki 6nlemler:

Termal reaktorler
Katalitik dontstiractler
Tutucular ve filtreler

EGR Donanimi

EGR valve

RASPACIITIS 1D < T

& Exhaust-gas recirculation

<

Mixture-formation system




Asiri Doldurma ve EGR Donanimi
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EGR’nin Emisyonlara Etkisi
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Dusuk Sicaklikta Yanma
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Diisiik Sicakhkta Yanma
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Emisyon Azaltici Donanimlar

Termal Reaktorler
Require high temperatures,
oxygen availability,
sufficient time for reactions.

Used for oxidation of CO and HC

Rich mixture + 02 supplement : CO oxidation in exhaust
system increases T, but fuel consumption also increases.

Lean mixture + late ignition : high exhaust temperatures,
but loss in power output
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Katalitik Donusturucu
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Katalitik Donusturucu

Mixture-formation
system

DUAL BED OXIDATIOM CATALYTIC CONVERTER

iTO Otomotiv Laboratuvari



Katalitik Donusturucu

Electronic

N s

Mixture-formation
system 4

SINGLE BED THREE-WAY CATALYTIC CONVERTER

iTU Otomotiv Laboratuvan

Katalitik Donusturucu

Effect of Air-Fuel Ratio on Three-Way Catalyst Efficiency
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Katalitik Donusturucu

HC ve CO oksidasyonu
NOXx donisumi

Her Ui¢-bileseni birlikte azaltan sistem
(Three-way catalyst)

Katalitik Donusturucu
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Seramik Taslyici Matris
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iTU Otomotiv Laboratuvan

Kuresel Tanecikli Katalizor
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Egzoz Gazlar:
Co ., HC , NO

—-
03 sondasi

Giris

Katalitik Donusturucu

Temizlenmig Fgzoz gazlari

Loy, Hy0 , Ny

=y

3-fonksiyonlu
katalizér

Cikis

iTU Otomotiv Laboratuvan

Katalitik Donusturucu

Electronic
control unit

Mixture-formation
system

Lambda
sensor

Pt | w—p

Three-way
catalyst NO,, HC, CO
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EGZ0OZ GAZLARI

Lamda (O2) Sensoru




Lamda (O2) Sensoru

Cikis gerilimi

09 sondasa

15 20 25
Hava/Yakit Orana

Katalitik Donusturucu
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Reaksiyonlar

C.H, + [m+n/4] O, - m CO, + n/2 H,0 (1)
CO + /20, —» CO, (2)
H, + 2 0, - H,0 3)
CO + NO > 2 N, + CO, (4)
C.H,+ 2 [m+n/4] NO — [m+n/4] N, + n/2 H,0 + m CO, (5)
H, + NO - 2 N, + H,0 (6)
SO, + 2 0, — SO; (7)
5/2 H, + NO - NH; + H,0 (8)
SO, + 3 H, - H,S + 2 H,0 9)
NH; + CH,; — HCN + 3 H, (10)
CO + H,0 —» CO, + H, (11)
CH, + 2H,0 - CO, + [2+n/2] H, (12)

Reaksiyonlar

CO + 2 0, - CO, (2)
CO + NO - 2N, + CO, @
Fakir karisimlarda (2) numarall reaksiyon etkin - O2 mevcut

CO'nun oksidasyonu gergeklesiyor ve (4) numaral reaksiyon igin
Yeterli CO kalmiyor

CO +H,0 - CO, +H, (11)
CH, + 2 H,0 —» CO, + [2+n/2] H, (12)
Zengin karisimlarda (11) ve (12) numarali reaksiyonlarin

hizli gergeklesmesi gerekiyor.
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Egzoz Gazlarinin Kontrolu — HFK Etkisi

X-control range (cata
lytic converter window)
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Katalizorler — Soy Metaller
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Figure 8.1 Federal Test Procedure HC emissions as a function of Pd or Pt load
[Thoss and Rieck (1997)].



Katalizorler — Soy Metaller
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Figure 8.2 Federal Test Procedure NOx emissions as a function of Pd or Pt load
[Thoss and Rieck (1997)].

Sicakhgin Donusume Etkisi

Dizel motorlar

Light off temperature - %50 dénistm veriminin
saglandigi sicaklik

Catalyst window — sicaklik artsi ile dontisum
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Figure 18.4 Catalytic conversion as a function of temperature.



Donusum Verimi
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Figure 19.6 Concentration of NO, with diesel oxidarion
catalyst. (Based on data from Ref. 13.)

Donusum Verimi
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Figure 19.4 Conversion of CO and HC over a diesel oxida-
tion catalyst.
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Soy Metaller - Donugsum Verimi
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Figure 19.5 Platinum and palladium diesel oxidation cata-
lyst applied to a 6.925-L, DI, turbocharged, aftercooled
diesel engine for the HD FTP Transient test. (Based on data
from Ref. 14.)

HC Tutucu Katalizor (HC Trap)

------- = = = 3{Engine Control e— Improved |
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Figure 9.1 Example of an HC trap system. (AFR = Air/fuel ratio)
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HC Tutucu Katalizor — Ara Tabaka Yapisi

HC
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Test cycle: FTP

Vehicle: Front-drive, 2875 Ib

Engine: 14, 1.8L, DOHC

Catalyst: Engine-aged
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CVS flow rate: 6 m*min
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Emissions patterns of an HC trap system.
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Diesel Emisyon Kontrol Donanimlari
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Partikul Filtresi

Common Rail Yakit Donanimi
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Common Rail Yakit Donanimi

,»Split main“
Main for stable
injection rich operation

(storage cat.)

N

AN /
N LA

4

Pilot injection
for
noise reduction

/ /

Late post in;.
for HC production
(increase of
exhaust temp.)

Coupled
post injection
(soot reduction)

LNT (Lean NOx Trap)

NO O HC COz, H20, N2
~—

% or \_. 0 NOx HC
torage Storage pt
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[ Support | ] Support |
Storage = Reduction

Fakir karisimla galismada
NOx depolaniyor
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N2'ye dénusturultuyor
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LNT (Lean NOx Trap)
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sDPF — Secici Diesel Parcacik Filtresi

Urea NH3 Injection
a .. 1 Position 2 ‘M“ﬂ -

Qutlet TC

Iy

Inlet TC

30y g === ® 105

7 degrees included angle diffuser —

SCR - Selective Catalytic Reduction

ADBLUE

dosing control

AdBlue

exhaust gas with
oxides of nitrogen

ammonia !
¥ /
steam
+ SCR catalytic converter
oxide of nitrogen

water + nitrogen
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SCR - Selective Catalytic Reduction

AdBlue
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SCR - Selective Catalytic Reduction

Urea Hydrolysis
(NH,),CO+H,0—+2NH.+CO,

NO, Reduction
N0+NOZ+2NH_|' *2N1*3H_'O

Urea
Injection[N\

Engine Out

FTIR| | QCL|

SCR - Selective Catalytic Reduction

Urea tank Dosing system Air reservoir  Compressor

/ ) Pressure ] { [ — —
l ] Pressure regulator regulator h— z -
l l é Temperatre 1 T =

_._sensor Pump ﬁ_

&= CAN-Bus___ | J

L :
g | I 1 H Wﬁ Exhaust temp.- i

sensor (=]
Dosing Dosi ' ‘ "‘ 1
ECU ng Exhaustsensor
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SCR - Selective Catalytic Reduction

SCR reaction 8NH+ 6NO, = 7N, + 12

4NHy+ 4NO + 0, = 4N, + 6
CO(NH, ), + H,0 = 2NH, + CO, | | 2NHy+ NO +NO, = 2N, +3

AdBlue R
Injection Catalyst
|

- IL
P>
L

2NO + 0, = 2NO, 4NH3+ 30; =2N, +6
2C0 + 0, = 2C0,
4HC +30; =200, + 2 Copyright ® Handling-AdBlue.co.uk 2007

SCR - Selective Catalytic Reduction

SCR CATALYST
P sreorsiorerrs

Primary Reactions:

+ 4NO +4NH, + 0,=4N, +6H,0
+ 6NO, +8NH, =7N, +12H,0

+ NO +NO, +2NH, = 2N, + 3H,0
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DeNOx Calisma Prensibi ve Kazancglar

AdBlue-tank
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1)Common packaging for catalyst &

1) Extreme hot nozzle tip ( >160, 220 ) muffler

2)Corrosion risks
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SCR NOXx indirgeme Prensibi
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SCR - Selective Catalytic Reduction

SCR Module

Air Filter/Separator
For air to Urea Pump

CRT Backpressure and Urea Nozzle|
Pressure Sensors

Urea Fill cap

Urea nozzle

SCR - Selective Catalytic Reduction

upper Adblue tank
by fuel cap P =

Audi Q7 TDI DPF and"Adblu; System
myturbodiesel.com | 4y

36



SCR - Selective Catalytic Reduction
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SCR Donanimi Etkisi
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Real-World Exhaust Emissions

On-road emission results, by vehicle

2
scr@® LNT (D

E s
3
g scr@
8 SCR@  @ecr
o
205 ER® S @scr @EcR

SCR e

SCRQ EGRa e SCR
o SER
100 120 140 160 180

Average CO, (as % of type-approval [g/km])

Above type—-approval

Below or equal to type—-approval
I Above Euro 5 limit
I Above Euro 6, below Euro 5 limit
I Below Euro 6 limit
Euro 5 limit
Euro 6 limit

15 test vehicles in total (6 manufacturers),
with different NO, control technologies:
* 10 selective catalytic reduction (SCR)
« 4 exhaust gas recirculation (EGR)
* 1lean NO, trap (LNT)

Average Euro 6 NO, conformity factors
(ratio of on-road emissions to legal limits):
« all cars: 71
* best performer (Vehicle C, SCR): 1.0
* bad performer (Vehicle H, LNT): 24.3
« worst performer (Vehicle L, SCR): 25.4

(Source : International Council on Clean Transportation, 2015)

Gasoline Direct Injection Engines

35
1 BSFC
30|
25|
8 20|
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S 15+
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NEDC Residency Points - 2.41 V6 engine
NEDC Residency Points - 12113 engine

5 T T T T T T
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Engine Speed [rev/min]

NEDC test Residency Points
shift up for
downsized GDI engine

o 2.4 liter, V6 engine

® 1.2liter, I3 engine

(Source : Freeland et al., FISITA, 2013)

38



CO2 Azaltim Yontemleri

Diesel Combustion & Aftertreatment System Technologies
Pool of Potential Technologies for Emission and CO, Reduction
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Yakit Tuketimi Azaltim Yontemleri

Diesel Engine —
Potential of Different Technologies Fuel Economy in NEDC
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Dusuk Sicaklhikta Yanma
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Diesel Engine o Slole }/
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Advanced Combustion Concepts
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(Source : Ulas, PhD Thesis, TU Eindhoven, 2013)
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Alternatif Motorlar

Future O _—TLow Temperature

ombustion_

. o i P e
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