BUJi ATESLEMELI MOTORLARDA CEVRIM ATLATMA YONTEMININ
KISMi YUKLERDE INCELENMESI

OZET

Gliniimiiz buji ateslemeli motorlarinda efektif verim tam yiikte %35 civarindadir ve
bu motorlar kismi yiikte ise %10 — 15 arasinda bir verim sergilerler. Bu diisiisiin en
onemli sebebi, benzinli motorlarda ylik kontrolii i¢in kullanilan gaz kelebeginin;
kismi yilik kosulunda {iretilen giicii azaltmak i¢in emme manifold kesitini kapatmasi
sonucu kisilma (pompalama) kayiplarinin artmasidir. Béylece pompalamaya giden is
artmakta ve motor lretilen isin yaninda ek bir is daha yapmak zorunda kalmaktadir.
Icten yanmali benzinli motorlarda diisiik yiiklerde ortaya c¢ikan verim probleminin
giderilmesi, giiniimiizde tasitlarin sehir i¢i ulasimda daha yogun kullanildiklar1 ve bu
siire zarfinda da ¢ogunlukla rolanti devrinde ve diisiik devirlerde c¢alistiklar1 da
dikkate alindiginda degerlendirilmesi gereken 6nemli bir konudur.

Motor sistemleri olarak; degisken subap zamanlamasi, fakir karisimli kademeli
dolgulu motor, asir1 doldurma, degisken sikistirma oran1 ve degisken strok hacmi
yontemleri benzinli motorlarin kismi yiikteki yakit tiiketimini azaltmaya yonelik en
bilindik yontemlerdir.

Degisken strok hacmi yontemini silindirlerden bir kisminin devre dig1 birakilmasi ve
cevrim atlatma mekanizmasini kullanmak olarak ikiye ayirmak miimkiindiir. Bu
calismada kullanilan “Cevrim Atlatma YoOntemi’nde motor yiikii azaldiginda
birbirini takip eden ¢evrimlerde motora olan yakit ve hava akisi kesilir. Emme ve
egzoz subaplarinin kontrol edilmesi suretiyle aymi giicii elde edebilmek i¢in ¢evrim
atlatilmayan durumda (normal g¢evrim) ise taze dolgu girisi artirilarak motorun
efektif verimi yiikseltilir.

Cevrim atlatma mekanizmas1 da kendi iginde farkli fikirler dogurmustur.
Literatiirdeki calismalarin birgogu atlatilan ¢evrimde taze dolgu girisini engellemek
icin subaplara miidahele etmeksizin sadece gaz kelebegi acikligini artirarak amaca
ulagsmay1 ilke edinmistir. Atlatilan ¢evrimde subaplara miidahele etmeksizin sadece
taze dolgu akigin1 kesmenin ve normal ¢evrimde ise sadece dolgu miktarini artirmak
icin gaz kelebegi acikligr artirmanin 6zgiil yakit tiiketimini 6zellikle ¢ok diisiik hiz ve
yiik kosullarinda azalttig1 fakat yiiksek hizlarda atlatilan gevrimlere yakit ve hava
kagmasi nedeniyle 6zgiil yakit tiiketimini artirdigi belirlenmistir. Bu durumun
diizeltilmesi i¢in subaplara miidahele edilmesinin kagimilmaz oldugu fikri agir
basmaktadir.

Tezime konu olan bu ¢alismada iki farkli ¢gevrim atlatma mekanizmasi kullanilmistir.
Bunlardan birisi tez calismamin ilk zamanlarinda imalatina baslanan “Subap
Kontrolii i¢in Degisken Profilli Kam Mili Tahrik Mekanizmasi”dir. Bu tasarim, kam
milinin eksenel hareketi ile profil — izleyici temasimin devre dis1 birakildigi bir
sistemden ibarettir. Bu sekilde orijinal emme ve egzoz profillerinde ¢ok kiiciik
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degisiklikler yapmak suretiyle onlar1 istenen zamanda devreye alip istenen zamanda
devreden ¢ikarmak miimkiin olmustur. Kam milini eksenel yonde hareket ettiren bu
mekanizma sayesinde izleyicilerin kam mili profilleri tizerinden hi¢ ge¢memesi
saglanarak subaplar bazi ¢evrimlerde hareketsiz birakilmistir. Deneysel sonuglar bu
mekanizma tizerinde yapilan ¢alismalarla elde edilmistir.

Diger mekanizma ise tez ¢aligmamin son zamanlarinda tasarlanip imalati yapilan
“Subap Kontrolii i¢in Silindir Kafasinda Pimli Kilit Tahrik Mekanizmas1”dir. Bu
tasarimla ¢evrim atlatma prensibini yerine getirecek olan subabin kontrolii dogrudan
saglanmaktadir. Subap iizerine baglanan mekanizma, kiilbiitériin subabi1 itmesini ve
yay tutucu govdesi icerisinde hareket etmesine neden olur . Kilitli pozisyonda subap
normal tahrikini gerceklestirirken, kilitlemenin olmadigi pozisyonda dis govde
icerisindeki mekanizma govde iginde bosta hareket etmektedir. Mekanizma,
disaridan krank miline bagli olan bir disli mekanizmasi ile tahrik edilmistir. Her iki
mekanizmada da subaplara disaridan miidahele edilip kapatilarak silindire yakit ve
hava girisi baz1 ¢evrimlerde engellenmis, diger ¢evrimlerde ise subaplar emme ve
egzoz zamanlarinda agik tutulmus ve herhangi bir gii¢ kayb1 olmamasi i¢in de dolgu
miktarlar1 artirilmistir.

Tez caligmasi kapsaminda yapilan caligmalart 5 ana baslik altinda toplamak
miimkiindiir. Bunlar; ¢evrim atlatma sistemi i¢in mekanizma tasarimi ve imalati,
motor ve kumanda odalarinin deneylere hazir hale getirilmesi, ¢evrim atlatmanin tek
boyutlu olarak termodinamik modellenmesi, motoru kumanda edebilecek bir
elektronik kontrol {initesinin gelistirilmesi ve deneysel ¢alisma agamalaridir.

Deneysel calisma icin lizerine ¢evrim atlatma mekanizmasi adapte edilen motor,
yerel piyasadan segilen tek silindirli bir dizel motoru olan Lombardini firmasinin
3LD450 motorudur. Bu motor, otomotive uygunlugu ve parga temininin kolaylig
acisindan akademik ¢alismalara oldukea elverislidir. Ayn1 zamanda goreceli olarak
¢ok ucuz ve esnek bir yapiya sahiptir. Uzerinde gerekli modifikasyonlar yapilarak
benzin motoru haline getirilmistir.

Tek silindirli arastirma motorunun piiskiirtme ve atesleme zamanlamalari ile
piskiirtme siiresi ve bobin primer sargisinin acik kalma stiresi (dwell siiresi)
bilgisayar destekli bir elektronik iiniteden kontrol edilmistir. Bdylece hem
mekanizma, hem de motor performansi agisindan en uygun g¢alisma kosullarini tespit
etmek c¢ok kolaylasmistir. Dogru zamanlama ve siire i¢in motor krank milinin
sikistirma tist 6li noktasi, artimsal enkoderin tetikleyici sinyaline denk getirilmistir.
Kontrol sistemi, ylik ve motor hizindaki degisimlere uyum saglayacak sekilde
hazirlanmistir. Kontrol sisteminin kullanimi ile ¢evrim atlatma mekanizmali bir
benzin motorunda gercek zamanli deneyler, baz1 degiskenleri sabit tutup digerlerini
degistirmek suretiyle gergeklestirilmistir.

Deney sonuglarinin dogrulugunun artirilmasi ve tekrar edilebilirliginin saglanmasi
icin motor ve kumanda odalari deneylere hazirlanmistir. “Motor Deney Odasi
Otomasyon Sistemi” kapsaminda dinamometrelerin modernizasyonu, motor
sartlandirma, deney kontrol ve veri toplama sistemi iizerinde kapsamli piyasa
arastirmasi yapildiktan sonra tiim sistemler deney odasina adapte edilerek otomatik
hale getirilmistir. “Test Yazilimi1” programi ile motorun devir sayisi, atmosfer
sartlari, motor hava tiikketimi, motor sogutma suyu giris ve cikis sicakliklari,
emme&egzoz manifold sicaklik ve basinglari, motor yagi giris basinci, egzoz
sicakligl ve kars1 basinci, yakit giris sicakligl ve ortalama yakit tiiketimi gibi veriler
raporlanarak degerlendirilmistir.
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Egzoz emisyonlarinin 6l¢lilmesi asamasinda Horiba firmasmin bir gaz analizorii
kullanilmistir. Ham egzoz gazi numunesi katalizor oncesi hatta gonderilerek cihazin
yazilimi iizerinden; A (hava fazlalik katsayisi)), CO (karbonmonoksit), CO,
(karbondioskit), O, (oksijen), THC (toplam hidrokarbon), CH, (metan) ve NOx
(azotoksit) verilerine ulasilmistir.

Bir gesit analog/dijital cevirici olan Combi (Yanma Indikatorii) cihazi sayesinde
toplanan silindir i¢i basing verileri ile ¢evrim i¢i yanmaya iliskin agiga ¢ikan 1s1
yiizdesi, ortalama pompalama basinci, ortalama indike is iiretim basinci, ortalama
net indike basing, indike gii¢, ortalama basing ile en yiiksek ve en diisiik basing
degerlerine ulagilmistir. Ayn1 zamanda bu degerlerin zamana ya da krank mili agisina
gore degisimleri grafikler halinde elde edilmistir. Cevrimden g¢evrime olan
farkliliklar da detayli olarak ele alinmistir. Ayrica piiskiirtme zamanlamasi ve siiresi
ile dwell zamanlamasi ve stiresi ile ilgili veriler de ayni program {izerinden kontrol
toplanmustir.

Deneysel caligmanin ilk asamasinda motor, normal olarak calistirilmis ve referans
sonuglar elde edilmistir. Daha sonra ise ¢evrim atlatma mekanizmasi motora monte
edilmis ve elde edilen sonuglar motor performansi, egzoz emisyonlart ve silindir i¢i
basing verileri agisindan karsilastirilmistir. Deneylerin esdeger performans ve ¢evre
kosullarinda yiiriitiilmesine dikkat edilmistir. Ayrica tiim yakat piiskiirtmesinin emme
subab1 ag¢ilmadan tamamlanmasi i¢in piskiirtme zamanlamasi belli bir noktada
yapilmis, dwell siiresi her 6l¢iim noktasinda sabit tutulmus, yakit besleme basincinin
esdeger oldugu Olciim noktalarinda karsilastirma yapilmig, yakit debisi sabit bir
kiitlenin tiikkenmesi igin gegen siireye gore Ol¢iilmiis ve yakitin hidrojen/karbon orani
sabit tutulmustur.

Deney sonuclarina gore; 6zellikle rolantide, ¢ok diisiik yiikk ve hiz bolgelerinde
normal c¢alismaya gore yakit tiiketiminde Oonemli Olgiide azalma gozlemlenmistir.
Elde edilen sonuglar, piyasaki kismi yiik verimi artirma teknolojilerinden ¢ok daha
1yl sonuglar vermistir. Ayrica, gaz kelebegi acikligi ile HC ve NOy emisyonlarinin
artt1g1, optimum atesleme avansinin ise azaldigi goriilmiistiir.

Son yillarda yapilan ¢aligsmalar buji ateslemeli motorlarin kismi yiikte verim arttirma
potansiyelinin var oldugunu gostermektedir. Bu tezden elde edilen sonuglar
cergevesinde diger verim artirma sistemleri ile birlikte karma yontemler gelistirilmesi
muhtemeldir. Ozellikle ¢evrim atlatma mekanizma tahrikli ve kademeli dolgulu
yanma prensibiyle ¢alisan bir benzin motorunun kismi yiik sartlarindaki en iist efektif
verime ¢ikabilecegi diistiniilmektedir.
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SKIP CYCLE METHOD INVESTIGATION AT PART LOAD CONDITIONS
OF SPARK IGNITION ENGINES

SUMMARY

Environment pollution has became one of the most significant phenomenon with
global warming due to growing of industry. Internal combustion engines have been
used for energy conversion in various areas particularly in transportation. This usage
effects the atmospheric pollution by exhaust emissions and energy sources by
increasing of fossil fuel consumption. Carbondioxide (CO,) emissions are composed
by complete combustion of fossil fuels involving carbon molecules. They have great
impacts on formation of greenhouse effect. Nowadays there are some several
limitations for CO, emissions and other pollutants (HC, CO and NO). One of the
main solution method to decrease CO, emissions is to improve the energy conversion
efficiency and also decrease the fuel consumption.

To reduce the fuel consumption, several researches have been made as engine
systems, vehicle systems and driving systems. The maximum effective efficiency of
today’s SI (spark ignition) engines is about 35% at full load. If there is no
improvement about the topics of knock resistance of fuel, heating value of fuel and
flame velocity etc, this efficiency won’t be able to increase. SI engines perform about
10 — 15% efficiency at part load conditions. The main reason of this deteriorating is
increasing of pumping losses due to the restriction of the cross sectional area of the
intake air by throttle valve used for the load control. At part load conditions, to
decrease the engine power and the amount of fuel-air charge into the cylinder,
throttle valve has to be more closed. Because of this reason, the pumping work
increases and the engine has to work in addition to the power production. . The low
efficiency problem is an important topic nowadays considering the usage of cars in
urban traffic and also at part load conditions or idling.

Well-known methods to increase the efficiency at part load are; variable valve
timing, stratified charged lean mixture combustion, supercharging, variable
compression ratio and variable displacement. Variable valve timing and stratified
charged lean mixture combustion methods have reached their top potentials.
Supercharging and variable compression ratio methods are restricted for practical
usage due to the knock probability of a structural problem in Sl engines. So the
variable displacement is the least investigated method aiming to improve the fuel
consumption at part load. There are two sub-types in this method : “Skip Cycle
Method” (cut off the fuel and air into cylinder and then enabling them in order with
respect to decrease the work cycle frequency) and “Cylinder Deactivation” (cut off
the fuel and air into a cylinder or a group of cylinder all the time)

The working principle of skip cycle method used in this study can be expressed as
following descriptions : When the load of engine reduces, the fuel and air supply are
disabled in sequential cycles and the amount of fuel-air charge is increased in normal
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cycles. (except for skipped cycles) to get the equivalent effective engine power.
Cylinder deactivation causes vibrations due to sudden moment fluctuations. In
contrary skip cycle method provide a soft transient regime.

Many investigations on skip cycle system are only focused on interrupting the fuel
supply into cylinder for some cycles. Kutlar et al. presented a new strategy for skip
cycle system and valve control necessity to get expected results. They aimed to
reduce the effective stroke volume of an engine at part load to skip some of the four
stroke cycles by cutting off fuel injection and to decrease pumping losses when a
cycle was skipped by using rotary valves in the inlet and exhaust ports. The
experiment results showed BSFC (brake specific fuel consumption) was increased
due to air leakage through the rotary valve at high speeds and loads. They proved
that if the fuel and air leakage could be eliminated, it was possible to decrease the
fuel consumption significantly at part load conditions of Sl engines. To improve this
case, valve controlling has been admitted as an inevitable method.

Two different skip cycle mechanism are used on the subject of this thesis. One of
them is called “Variable Profiled Camshaft Driving Mechanism for Poppet Valve
Controlling” which has been started to manufactured at the first stage of this study.
In this system, camshaft profile — follower contact can be deactivated by the axial
motion of camhaft. Thus, the inlet and exhaust poppet valves have been operated
work online or offline optionally. The experimental results have been obtained via
the studies on this mechanism.

The other mechanism is called “Pinned Lock Driving Mechanism on the Cylinder
Head for Poppet Valve Controlling” which has been designed and produced at the
last stage of this study. To achieve a complete air leakage prevention at high loads
and speeds, the mechanism was mounted on the poppet valves directly. The
mechanism has been driven by an external camshaft coupled to the engine
crankshaft and operates in valve disabled and valve enabled modes. This can be
provided by a locking system actuated by the driving mechanism.When the poppet
valves are locked by control mechanism, the air—fuel charge is carried out in normal
cycle. Skip cycle is work online while the control mechanism moves freely instead of
locking the poppet valves.

This thesis study could be gathered five main titles. These are; designing and
manufacturing of skip cycle mechanisms, making ready engine and control room for
experiments, setting up one dimensional thermodynamic model of skip cycle
strategy, developing a flexible electronic control unit and engine test stages.

Considering our constraints, a single cylinder compression ignition (CI) engine was
chosen from the domestic market. Agreed that Lombardini LD450 engine was a
valid option because of its specifications such as water cooled, direct injected and
enough stroke volume. Besides, this engine was very suitable for academic research
by means of adaptability to automotive applications and convenience of spare part
supply. Also, comparing other options, it is much more cheaper and flexible. It was
decided to convert to a spark ignition (SI) engine subject to necessary physical
modifications.

Timing of injection and ignition also duration of injection and dwell time of the
research engine were controlled with a computer based electronic unit. To determine
the valid timing and duration, the compression top dead center of engine crankshaft
was become equivalent to the trigger signal of incremental encoder and the control
system was able to design for adapting the conversions at load and engine speed. By
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using the control system, the real time tests were carried out in a gasoline engine
with skip cycle mechanism depending upon permitted certain parameters constant
and others changed.

Engine and control rooms got ready to enhance the accuracy of experimental results
also to be provided the repeatability of them. Within the “Engine Test Room
Automation System”; after a detailed research on the modernisation of dynamometer,
engine conditioning and data acquisition system, all the systems were adapted to the
test room and automated. The engine speed, atmospheric conditions, consumption of
inlet air, inlet and outlet temperatures of cooling water, inlet&exhaust manifold
temperatures and pressures, lubrication oil inlet pressure, exhaust temperature and
back pressure, fuel inlet temperature and average fuel consumption data could be
reported by a software programme.

A gas analyser of Horiba Company was used to measure the exhaust emissions. The
exhaust sample is transmited to the before catalyst line and then A (excess air
coefficient), CO (carbon monoxide), CO, (carbon dioxide), O, (oxygen), THC (total
hydrocarbon), CH, (methane) ve NOx (nitrogen oxides) can be measured through the
software of the analyzer.

The cylinder pressure data have been measured by Combi (Combustion Indicator)
device using as an analog/digital converter. Thus; heat release rates (HR), pumping
mean effective pressure (IMEP-IG) , gross indicated mean effective pressure
(IMEP-P), indicated mean effective pressure (IMEP), indicated power (PI), mean
cycle pressure, maximum and minimum pressure (P, Pmin) Values can be reached
in reference to cycle combustion. At the same time, the variations of these values as
far as crankshaft angle or time and also cycle to cycle variations were presented on
graphs. Injection timing and duration also dwell timing and duration can be followed
on the same programme.

At the first stage of experimental study; the research engine always operated at
normal cycle mode to obtain the reference results for comparing with skipped cycle.
Then related skip cycle mechanism was mounted to the engine and the results were
compared with the previous results according to the engine performance, exhaust
emissions and cylinder pressure data. Considering the equivalent performance and
environment conditions, engine room automation was used. To complete total
injection before inlet poppet valve opens, the fuel was injected at a specific
crankshaft angle. The dwell duration fixed constant at every measuring point. The
measurements were carried out at the measurement points with equivalent fuel
supply pressure. Fuel flow rate could be measured with regards to a constant mass
fuel consumption and also the hydrogen/carbon ratio of used fuel fixed at a constant
value.

According to the test results; the fuel consumption in skipped cycle has decreased as
far as normal operating mode particularly at idling also low load and engine speed
regions. Acquired results have showed a higher performance than the technologies
used to increase the efficiency of gasoline engines at part load conditions. Besides,
throttle valve of the engine opened wider, optimum ignition advance decreased also
HC and NOy emissions increased. The recent studies show that the potential of
increasing the efficiency of spark ignition engines at part load conditions has been
existed. Due to the results of this study, it is possible to use the combination of
different systems to run the gasoline engines with higher efficiencies. It is thought
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that especially a gasoline engine running with skip cycle mechanism and fuel
stratified principle will have the highest efficiency at part load conditions.
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