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Abstract

Experimental work has shown that injecting air into the manifeld greatly
improves the transient response of the turbocharger. This work has shown
that air injection has a large effect upon improving the transient response
when performing rapid load changes, which result in increases engine
worque outpul while minimizing the potential for exceed various operaling
limits to the maximum practicable extent, moreover the transient
performance has improved which lead to a significant reduction in the

harmful emissions.

The vehicle's air injection system controller implements strategies for
shaping the rate of the air injection during a boost event, by controlling
the timing, duration. quantity and/or injcction pattern during a boost event
ta achieve a refined distribution of compressed air injection over the
course of the boost event to provide desired engine torque output and foel
efficiency while minimizing the poten ial for exceeding a wide variety of

operation limits, regulatory, engineering and passenger comfort limits.
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1.1 Genernl Cutlook

Turbocharging is an increasingly popular method of reducing the harmiul
emissions of an Internal Combustion (IC) engines. A turbochareer utilizes energy
from the exhaust gascs and uses it to pressurize the air at the inlet to the cylinders.
This allaws far the density of air in the cylinder to be grealer than the densily of
ambient air. which allows more power to be produced for a given engine size. It has
also heen shown that use of turbochurgers resufts in reduction of the harmiul

Eriissinnme.

Turbocharged cngines have the disadvantage of poor drivability under transient
mnning conditions. The phenomenon known as “Turbo-lag" is particularly apparent
in conditions where a rapid load change is applied at lower engine speeds with rapid
acceleration. Quick changes in accelerator padal do not rasult in Instantanecus
response of the turbocharger and consequently vehicic acceleration. This delay has
the side effect of increased harmiul emissions and engine efficiency deteripration
because of unfavorable air-fuel ratio, Reduced air flow in the combustion chamber
while fuel is injected causes inadequate air fuel (rich mixture) resulting in increascd
lonmation of emissions such as particulates, CO, CO: and N0y which contribute to

envirenmental pollution and ingrease fuel consumption.

1.2 Objectives of this Project

This Project investigates the turbocharging technology with & particular focus
on control for transient engine operation. The investigation is based on a Diesel
eazine due to the availability of suitable equipment, the interest of industrial

collahorators and the comsistency with current trends in industrial research and

development.




The project aims to improve vehicle performance fig 1.1, in a number of areas;

including acceleration. fugl economy und ¢missions reduction. Iln particular, the

method of injecting fresh air in the intake manifold for vehicle engings, including

diese] engines having al least one turbocharger supplying air to the engine's mlake

manifold. in a manner which increascs engine torque outpul in order 1o improve

drivability performance .
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Figure 1.1 Main mechanism of rransient response improvement




The importance of this project can be summarized in the following poinis:

|. Increasing the delivery pressure will inercase the density of air in the evlinder 10
be greater than the density of ambient air, which increascs engine volumetric
efficiency and results in higher exhaust pressure. which results alsa in fasler
turhocharger response; therefore, it leads to increase engine power output in

earlier stage.

2. Modemn engine developers face the modemn challenge of improving vehicle

economy and reducing the levels of exhaust gas emissicons,

3. The principle known as downsizing is an effective means of achieving fulure
consumption and emission objectives. This requires a further increase o the
charging pressure to maintain the engines’ performunee level. A compact. cost-
efficient and proven solution to this is exhaust-gas turbocharging, which,
however, reacts with a further undesired delay at transient full load demeand con-

ditions by increased charging-air pressures.

1.3 Literaturc Review

The present work is [focused on improving turbocharged diesel engines
responses. This response is & major issue limiting their application [or a broader use.
A study has been carried out looking al different methods of alleviating thess

problems, The various techniques that have been studied or devcloped sa far

for improving transient respense can be classilied as follows:




1) Methods that utilize an external energy source such as electrical or hydraulic
assistance, e.g. electrically assisted turbocharging. or air-injection onto the

compressor impeller.

2} Methods that focus on the turhocharger, 2.z Variable geometry turbine (VGT).

1.3.1  Electrically Assisted Turbocharging

The ability of a [ixed geometry turhocharger assembly to extract power from
the cxhaust gases depends on the mass-flow, pressure and temperature,
Consequently, al low ¢ngine speeds and loads the enersy potential of the urbine is
limited, producing low boost pressure and delaving cngine torque response,
A pessible solution would be an electrically assisted turho charging confizuzation:
this makes use of an asynchrenous (induction) electric mator or a synchronouy Lyvpe

(e.2 reluctance moter or permanent magnet) mounted on the turbacharger shafi.

ihe electric motor s used 1o offer additional power to the compressor when a
TEnEIENt OF starting event is detected, with ils primary application heing in
sutomotive engines. The power to drive the clectric motor is typically drawn from
the batterv of the vehicle, a fact that is expected (0 afTect efficiency, particularly at

% engine speeds.

Zellbeck et al. [1] swdied wehicle performance with an clectrically assistad
turbocharger in comparison to its “nominal’ counterpart fitted with a wasle-wale
valve, The lormer was able to improve vehicle full-load acceleration from 40-80
xm'h in sixth gear up to 20% compared with the nominal case. The results are
depicted in Fig. 1.2, showing mean effective pressure, boost presswe and vehicle

speed for a [our-stroke. four-cvlinder dieszl engine.
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Figure 1.2 Acceleration performance of a diesel-engine vehicle with electrically

assisted Turbocharging. [1)

in fact. the hrake mean effective pressure of the electrically assisted turbacharged
engine managed 0 achicve steady-stale values afew seconds after initiation of
scceleration, much sooner compared with the ‘normal’ engine operation. Alier the
initial sharp increase in the heost pressure, however, the air-supply build-up of the
clectrically turbocharged engine proceeded at a similar rate compared with its

conventional counterpart, since the electrival assistance was discontinued.

4 particular aspeet in electrically assisted turbocharging units that needs attention is

the facl thal incorporation of an electric motor on the turbocharger shaft might
B




require o renewed marching for optimum perfonnance and surge avoidance, and 4 re-

qssesced balancing of the shaft ewing to the instability induced by the increased
length and the introduction of eleetromagmelic forces. Cooling of the electric motar is
alen an imporiant aspect of its development. Moreover, 4 higher capacity bartery may
be nesded in vehicular upplications in order to assist the electric moter’s frequent

funciion in the continuously changing driving conditions.

1.3.2  Air-injection

Injecting pressurized air stared in & tarik into the compressor or mletmanifold or
the turbine wheel. Injecting gir on fo the compressor wheel is. generally, more
successiul thart air-injection onto the turbine blades, since it is more ellicient to drive
the compressor directly mstead of in¢reasing its hoost pressure mechanically from
‘e turbine side: moreover, the air that is injected in the compres=or side is instantly
svzilable to the engine for combustion. Consequently, direet inerease of air-supply is
s hieved and the duration of combustion discrepancies is reduced since the high air-
Qow into the engine cylinders can match the increased fuel guantity in just a [ew
svcles: with the resulting high exhaust gas energy aiding faster turhocharger and
ERFINe TESPONSE.

L edoer [3] and Winterbone [S], proposed a method of air-injection into the
senrifugsl compressor wilh a contral sysiem interfaced to the four-stroke engine in
wder 10 support the medifications requirsd. This consisted of a closed-loop
comsrolling the air-injection via the air—fuel ratio. The latter was measured as the
cectient of air manifold pressure and fuel pump rack posiion. When the value was
\wer than a specified threshold (being 2 function of engine speed). air-injection was
=wated Tupical results are reproduced in Fig.1.3 fur a 0 - 60% load acceptance

wded By a 25 air-injection duration right after the onset of the transient cvent.
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was, STy redueed, Durther Tests were performed with 1008 step load

applications; the standard enging was not cnpable of accepting this load. whereas
when air-injection was applied (again for 2 s) salisfactory load acceptance was

achieved [6].
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Figure 1.3 Effeet of air-injection on transient response after a load step of 60% full-

\ad (medium-speed, trbocharged diesel engine at 750 rpm). [6]

Further application of the latier air-injection assist on a six-cylinder, lighr-duty

srhocharged diesel engine of 11321 displacement volume revealed a reduction in

S time period with peak smoke from 3 1o 0.5 s as well as improvement in the speed

~ssnonse [rom 4 1o 1.5 5 for a severe load acecptance rransicnt ar 1000 rpm. This was
8



accomplished by applying 15 gir-injecticn  duration. which provided an &if
consumption of about 0.1 kg, Similarly encouraging results were repottad for
scceleration transients. Harndorl and Kuahnt [2] guantificd the transient S001
emissions improvement {or & similar engine configuration al approximately 50% the

amount of emissions under operation without air-injection; when combined

compressor and turbine air-injection was applied, the improvement was even higher.

The particular importance ‘n air-injection configurations is the exact injection
schedule, i.e., cnset and duration of injection as well as the pressure of the injected

air.

Fig.l.4 illostrates enuing response after a severe load increasc with and without air-
injection for vanous air-assist schedules, Injecting air for 1 s al 3.45 bar was proven
sseulTicient 1o prevent stalling as was also the case with the bascline, unassisied
engine; however, if the injection duration lasts for 2 5. even lower injection pressurcs
can prove beneficial fFor the suceessful enging recovery. OF eourse. the higher he
injection pressure. the lower the maximum speed droop and the shorter the recovery
aeriod up o the final equilibrium. Alfhough it was argued that higher injection
pressures for & shorter durarion were more effective. this is actually & subject of
sptimization for (he engine under sudy, with the optimum injection pressure being o
matter of careful choice 10 order to avaid the possibility of the compressor moving

om0 SUTge.
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Figure 1.4 Comparison of transient response after a (-16.88 bar brake mean
=ffective pressure load increase with yvariaus air-injection schedules (four-stroke, six-
cvlinder. turbocharged diesel engine of 68 L displacement volume, rated at 746 kW)
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1.3.3 Variable Geometry Turhine

During transient operation the main strategy of the variable peomelry
erhiner VG T s the reduction of the nozzle arca by closing down the vanes 56 as 1o

sereaze he back-pressure and enthalpy drop across the turhine, thereby boosting the

sompressor aperaling point. By so doing, [ester build-up of the engine air=-supply 1s

eesblished, minimizing fuel limiling function and improving derivability and
e csione. At the same time. the EGR valve is closed 1o support filling ol the

cetinders with fresh air. As soon as the air-supply to the engine has been huilt-up.

10




gradual opening of the VGT vanes follows in order 1o prevent over-boosting. The
positive effects of VOT during transients come thersfore as the result of
improvement in flow characteristics and air-supply, whereas the dynamics (inertia)

of the wrbocharger are not alterad.

The advantages of VGT engine transient response compared with its conventional
turbocharged counterpart are illustrated and quantified in Fig.l.5 for typical
automotive transient tests. namely engine acceleration and performance over a
transient Cvele, respectively, Fig. 1.4 focuses on a low-load acceleration of a 20 ton

vehicle powersd by a four-stroke, six-cvlinder diesel engine.

For the VGT engine a speed- and loud-dependent VG contral strategy is adopied as
allows: in the extremely low-load and low-speed range. the VGT vanes are
cheduled (o minimize nozzle area in order to improve responsc by maintaining
sdequarely high boost pressure. In (he middle-Toad range, the vanes maximize nozzle
sres in order to improve fuel consumption by reducing the pumping loss caused by
e nosilive difference between exhaust- and inlet manifold pressure. Tor the high-
\sad operating range, nozzle vanes occupy lhres pasitions (minimum, middle and
maximum) according lo the increase in enging speed. Closing down of the VT
vanes right after the onset of the transient event results in much faster turhocharger
scceleration and boost pressure build-up compared with the conventionally
sarbocharsed engine, hence speed recovery i faster. For example, time up (o the
termediate speed of 2100 rpm is reduced by 0.6s (or 15%) for the VGT compared
with the conventiona! vehicle. As soon as the boost pressurc has assumed en
sdequate value, VGT vanes gradually open to avoid over-boosting, that is why a

—eduction in the delivery pressure at approximately t = 3 s is observed.[7]
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Figure 1.5 Effect of VGT on engine speed development during second pear

scecleration from 600 mm (six-cylinder. lurbocharged dicsel engine of 11 L

displacement volume, installed on a 20 ton truck).[7]




1.5 Project Schedule

Table 1.1 Praject time-schedules for Hrst semaster

Week

Process | e
G

i

| Collecling
Dotz and
| iterature
Analyzing
of data

Modehing \

Simulation

Writing \
The \

gocamentiti

on |

'| |
' SRER

-
7

g

T
10|11 12|13 14| 15

|
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Table 1.2 'roject fime-schedules for second semester

Week

Process

Preparing the

combustion

mechanical

s pneumatic

purt

Building
experimantal

sstup

Chick the
| geosect parls
‘ a=d perform

e initis]

ENreTiment

Pefeem fini!
ssperniment

Wating
The

gation
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1.6 Pruject Budget

The apparalus requirsments are Turbocharger, Air injector, pressure SCRSOT, .. ).
The budget of the project also includes printing cosis and lacal study anc survey. The

follpwing table shows the estimated cost of each one.

'Table 1.3 Praject budget
l " T LR T ~ | DSR |
Element Descripiion Availability 7 Students
\ | | Lyrant
s |
Turbocharger and ' ! \
i 1350
exhaust manifeld \ +
[h‘imﬁfﬂ]d Pressure = _‘~
\ | 120
| sensom | |
Pressure regulatur 1|| \ \ l4ﬂ
L | |
Pressure sensars, chick | ' \l
. _ | \ 1 100
valves (on air tank) | ~ 4‘
Diesel oil 1 \ | |00
[ Air injector (Solenoid \ || ~ o
\ valve) il

R

.

\ Workshop tools |

Experimentation L .
Work agreements and its |

PPU

[actories (Blacksmith)

Transportation & == 200 "
"~ ol cost (NIS) l == 2590 * |
— 5 - |




CHAPTER TWO

SYSTEM OPERATION PRINCIPLE

Content:

2.1 Intreduction

2.2 Description

23 Background of the project
Operation pringiple
Air injection system advantages

Air injection system disadvantages




2.1 Introduction

Through the combinativn of parallel developments of recent years in the
automolive industry, ¢lectronic injection, &g Common Rail. in the commercial
vehicle diesel enpine secior. and highly dvnamic, electronically coniralled
compressed air, it can easily be integrated into the charge air pipe, and realizes an

immense improvement to the response and acceleration behavior of the engine and
the vehicle.

Automotive development is caught between the conflicting priorities o increasing
demands placed by customers and the legislature, which can only be met with
rechnological progress and in-depth knowledze, This challenge is compounded by
diverging markets with regional preferences and increasing energy Costs causad by
growing demand, increasing fuel prices and more stringenl emission regulations are
the must powerful driving force behind the developments, This particularly applies in
e commercial vehicle sector. where optimal efficiency is the permanent ohjective.
The commercial vehicle of the future is characterized by high cost-ellcetiveness and
meets all applicable emission regulations. Mohility will remain at least at the current

level, but will more likelv inerease.

The principle known as downsizing is an eflective means of achieving future
consumption and emission objectives. This requires a further increase to the charaing
sesssure W0 maintain the engines” performance level. A compact. cost-efficient and
seoven solution to this is exhaust-gas wrbocharging, which, however. reacts with a
Sher undesired delay at transient full load demand conditions by increased

Sherging-air pressures, Even mulli-stage andl variahle charging sysiems are only able

% lessen this effect. The delay to the charging-air pressure huildup impairs the

wecle’s drivability, particularly when selling off, changing gears, driving up hills or
swe—sking, and can only be compensated fur by changing gear more frequently or
mcmezsed cluich slipping.




In seneral. the technolegies mentioned above, with further increasing of the

chirging-air pressure, causc a deterioration of the engine’s response behavior, which

is why new. alternative approsches o improving the dynamic drivability are

reguired.

The development ol such an approach, the air injcction system (AIS), will be
presented in this project. It cffectively improves the dynamic properties of tur-
bocharged diesel engines, particularly for cammercial vehicles and buses. The ALS
stilizes the compressed-air conditioning available for the brake system in these ve-

hicles and assisis the turbocharger with additional. very quick air injection in

sransient situations.




2.2 Description

The present project relates to an apparatus and method for improving vehicle
perfarmance in & aumber of areast including acceleration, fuel cconomy and
emissions reduction. In particular it relates 1o @n apparatus  and method  for
application of air beast 16 vehicle engines, including vehicle diesel engines having al
least one turbocharger supplying air 10 the enging's intake manifoldFig2.1, in &
manner which increascs enging torque outpul tn a mannar which meets design.

regulatory and oiher requirements.

Fieure 2.1A cchematic illustration of an engine and related companetis in

secordance with an embodiment of the project.

Compressor 6, Turhocharger 1. EGR valve
= Engine control 7. Air filer 12. Accelerator pedal
3 Vchicle air reservoir 8. Intake manifold 13, Exhaust {lap break
4 AlS module 9, Diesel engine 14. Dhicsal particle filter
S Inzerconler 10, Exhaust manifold
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2.3 Background of the project

Internal combustion engines, such as diesel engincs, are often filled with
exhaust-gns turbochargers. For example, fig.2.2 shows 4 schematic illustration of an
internal combustion engine | having an exhaust line 10 which is coupled to an
exhaust-gas turbocharger 2. The exhaust-gas turbochasger has a turhine 4 which is
driven by exhaust gas from exhiaust line 10. The turhine 4 is coupled Lo & compressor
3 (together these components form turbochirger impeller unit) which compresses
intake air from an intake air inlet 12. The compressed gir discharged from the
compressor 3 is led to an intake line 11 for the cngine 1 in order w increase the air
pressure in the engine |, and thereby feeds more air int the engine's oylinders when
the cylinder's respective intake valves are open than would be fed into the cyvlinders

if the engine is naturally aspirated.

7
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chematic illustrations of diesel engine have turhocharger and air booster
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As a result of the terbocharper's supply of additionsl air into the engine cylinders,
along with asscciated additional fuel from the engine's fuel injection system. the
torgue output of the engine is increased and the engime operates al a higher
efficiency. Specifically, the additional pressure delivered by the twbocharger to the
intake manifold results in greater pressure in the engine cylinder when the cylinder's

intake valve closes, The greater mass ol air present in the eylinder, when combined

with additienal fuel and ignited, resulls in higher combustion pressure, and thus

higher piston force to be vonveried by the enzing's crankshaft into higher engine

1orque output.

In addition, the increased combustion mass and pressure gencrates a higher pressure
and volume of exhaust gases, which in turn provides additional energy in the exhaust
for driving the turbine of the turbocharger. The increased exhaust energy further
increases the rotational speed of the turbocharger compressor and thersby further
mereasas the amount of air being supplied to the cylinders to increase engine speed

znd lorgue outpul al an cven more rapid rate.

2.4 Operation principle

A well-known problem with the use of exhaust-gas turbochareers is thar they
cannot deliver a sufficient quantity of air in all operating states of the internal
combustion engine, most notably in respunse 10 sudden scceleration demands at low
sngine rotational speeds. For example, i engines such as diesel engines having an
schaust-gas turbocharger. during a large aceeleration demand the turbocharger
typically cannot supply sullicient air flow to generate 2 desired amounl of air
pressure in the intake manifold due 1o the Tow engine speed and correspondingly low
miass flow rate of air intzke and exhaust ourput to drive the turbocharger. Asa result,

the internal combustion cngine reacts slowly, with significanl torgue output and




rotaliona) speed increases pecurring only after 4 notable delay after the acceleralor

pedal is pressed (an effect known as “turho lag").

Various salutions have been proposed to improve the effects of "rurho lag," including
arrangements in which compressed air is supplied to the intzke manifold of the
engine. An example of such an "air injection” system is illustrated in fip.2.2. In this
example, reservoir O stores compressed air generated by an air compressor 5. The
compressed air is intrecuced into the intake line 11 of the engine | in response 10 a
dernand for increase engine Lorgue outpul during the {ransient period hetween the
ctart of the acceleralion demand and the time at which the mrbocharger has butlt up
enough pressure t cqualize with the intake manifold pressure and begin to meet the

worque output demand on its oWl

The acditional air supplied into the intake line 11 from reservoir 6 has al least two
primary effects. The additional combustion air fed 1o the cylinders al the engine 1
providss an immediate increase in engine torgue output. The additional air also
results in a moere rapid increase in exhaust gus flaw from Lhe engine. which in turn
helps the turbocharger turbine 4 1o more rapidly increase its rotational speed, thus

enabling the turbocharger compressor 3 ta build pressure in the intzke hine || faster.

Curther. the sooner the turbocharger COmMprEssor dadl supply ¢ncugh pressure 1o
support the torque outpur demand, the sconer the flow ol additional air being
aupplied (rom reservoir 6 may be 1o sp, preserving comprassed air for ather uses

snd reducing fhe duty cyele al the vehicle's air compressor,

The injection of compressed air from reseryoir 6 takes place via an intake air control
dvice 7. The intike air control device 7 is amunged between the intake line 11 and
sither the compressor 3 of the rurbocharger. as shown in Fig.2.2, the charge-air

cooler 14 downsircam [rom the compressor 3. he intzke air conwol device 7,
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iNusteated schematically in fig. 2.3, is connected with an inlet 8 to the charge-gir

coaler 14 and with an outlet 9 to the intake line 11.

g
16 18 1%

N U "Jv ‘

| 5\ N :

Y — L]

zf:n'

Figurc 2.3 A schematic illusteation of the inlake air control device

A compressed air inlel 15 is connected to the cutlet 9 16 the reservoir f via a (o=
regulating device 20. A controller 16 serves to control the flow-regulaling device 20,
'he contral device 16 receives inputs from pressure sensers 18 and 19, which
measure, respectively, an outler pressure ab the outlet 9 and an inlel pressute & the

charge-air inlet §.

= operation, the flow-regulating device 20 supplies campressed air to the engine

seske manifold by opening the connection from the compressad-air inlet 8 Lo the

pakiet '




The presenl project abilily to monitor vehicle purameters and/or ¢xchange such
parameters between sysiem components o arahle muking compressed air injection
adjustments in real time provides a previously unknown level of precision in
matching the compressed air injection amount 1o actua] needs, and opens the door to

realizing a wide range of benefits.

2.5 Airinjection system advantages.

The present project ability to monitor vehicle parameters and/or exe hange such
paramelers between system components 1o enable making compressed air injection
adjustments in real lime provides & previously unknown level of precision in
watching the compressed air injection amount to actual needs, and opens the door 10

realizing a wide range of benelils:

| A first beriefil of a vehicle system thar is equipped with a ratc-shaped pneumatic
hooster system is that significant fuel cfficiency increases may be obtained. The
fuel savings result from the use of rate-shaped compressed zir injection 1o
improve combustion and exhaust seneration to more rapidly get the enging into
the engine speed range at which the engine is operating at its must efficient fuel
efficiency (often referred 10 as the cngins's "swoet smot”) and thereby get the
vehicle to the desired cruising speed in the least amount ol time, and with the
tesst amount of fuel consumplion possible while still avoiding operational,

emissions and/or equipment engincering limits.

= an additional benefit with the system rate shaping is that the vehicle designer can
svoid unnecessary compressed air use and thus decrease the size and cast of the
L chicle's installed compressed air generalion and storage cquipment. Specifically,

b injecting only the actual amount of compressed air required (o obtain & desired




vehicle secelerstion while still maintaining compliance with operating limits. end

doing so only at the actual umes the compressed air is needed during the
pncumatic boost even, this system can abtain a desired level of engine lorque
output with less compressed air than typically consumed by another pneumatic

booster sysiems.

3. The increased precision in compressed air injection decrezses the volume of
compressed air reguired during vehicle operations, allowing the vehicle designer
i reduce the size of the compressed air generation and storgge components to
natch the lower compressed air demands. These reductions in component size
and capacity provide further fuel economy benefits, both due to reduced vehicle

weight and due to reduced energy loss from the vehicle's air campressar,

1.6 Air injection systems disadvantages:

While it has previously been known 1o inject compressed air into the intake
manifold of an engire lo reduce "murbo-lag.” work in this field has primarily
concentrated on maximizing the smount of compressed air available 1o flow into the
engine intake manifold. and on m inimizing the résponse time from the initiation af
the pneumatic bopst event 10 the actual iniection of compressed air so s 10
immediately begin o increase engine torque outpul and avoid undesired operator-

serceived delays in delivery of torque from the engmne.

One problem with this system is the sometimes very abrupt increase in enginc
torgque output at the heginning ol & preumalic boost avent injection resulting
from very rapid compressed air injection. Such sharp engine lorque outpul
transients may also be experienced at the subsequent Lermination of compressed
air injection this transient can creale significant discomfort i the vehicle opurator

and passefigers.
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= Another problem with air injection svstems is that, in the rush to guickly boost
engine torgue outpul until the turbocharger has built up sufficient pressure.
segulatory limits such as pollution emissions limits may be excecded. The sudden
application of excessive prneumalic buest also has the potential to inpose sudden

‘oads on the engine components. For example, sudden application of cxcessive

pacumatic hoost can apply # large amount of torque to the vehicle drivetrain

which may approach engine, transmission and/or drive axle stress limits.

Sicessive pneumatic boost may also penerate 3 sudden hizh volume, high
pressure flow of exhaust gases from the engine which can cause the speed of the
turbocharger turhine-compressar assembly to rise o high levels. Similarly,
sudden compressed air injection and accompanying increased exhaust gas flow
can credte the potential for aver-pressuring the engine's intake air intercooler and

its associated piping.




CHAPTER THREE
SYSTEM CONTROLLER

Content:

2.1 Introduction

4.1 Operation parameters

3.3 Flowchart of conirol




i1 Introduction

The air injeetion system controller is configured to receive vehicle operating
mformation from the wvehicle prior to initiating the event of boosting air and 1o
control the operation of the campressed air flow contral valve to adjust of air
wmection rate, duration and timing for a first of the compressed air injection pulses

=asad on the received vehicle operating information.

182 air injection controller is programmed o adjust of the comprassaed air injection
=z, mmjectinn duration and injection timing to maintain the at least one operating
semameter within the predetermined range by pulse-width modulation of compressed

W injection control device.

2 Operating parameters

The contraller is programmed to control the pnesmatic boost event based on at

% one monitored operating parameter of the vehicie by coordinating the eperation
0 the at least one compressed air flow control valve to supply compressed air Lo the
enzing via the intake. and the air hooster comiroller is programmed to sct the

compressed air injection rate in accordance with the at least one monilored operating

parameter.

. A pressure of compressed air stored in a compressed air storage vessel, and the

predetermined range is a pressure higher thun 8 minimum compressed air

pressure required 1o ensure vehicle safety systems have sullicient compressed

air available to perfarm the safely system function.
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A pressure at least one of an iniet and an outlet of an air injoction system
compressed  air injection module. and (he predetermined range is a
predetermined allowable difference between the pressure at least one of an inlet
and an cutlet of an air injection system compressed air injection module, and &
pressure at least one of the wrbacharger compressor and a location in the intake

dewnstream of the pasumatic booster system compressed air injection module.

An intake prossure and the predetermined range is a pressure below an

intercooler ever-pressure limit.

A pressure downstream of a wrbocharger compressor and the predetermined
range is a pressure varation rate which is indicative of a turbocharger impeller
speed variation bcing below a predetermined impeller speed  varizlion

enrresponding Lo tarbocharger surging.

A rotational speed of the engine and the predelermined range is an engine speed

which is lower than an engine over speed limit,

A rotational speed of a compressor of & mrhocharger which supplies the engine
with combustion air, and the predetermined range is a mrbocharger impeller
speed which is lower than a turbocharger compressor over speed limil.

Viehicle accelerstion and the predetermined range is an accelerstion which is
lower than & maximum acceleration limit for mainaining pussenger comfort in

the vehicle.

\ehicle acceleration and the predetermined range is an aceeleration rate which

s lower than an operator-selecluble aceeleration prodile.

An engine vperating lemperature and the predetermined range is a temperature

s=ove a predetermined minimum engine operating limit temperature.




I0. An operating parameter of the vehicle indicative of an actual air flow rate in the
intake, and the predetermined range is a predetermined allowable differcace
between the actual air flow rate in the intake and an air flow rate demanded by

at least enc controller of the vehicle.

11, A driver acceleration request and the predetermined range is al least one of an
aceelerator pedal position a frequency of accelerator position pedal excesding 2

prederermined position.

3.3 Flowchart of control

The air hooster controller is programmed to sel the compressed gir injection
rate by reference to the at lcast one monitored operating parameter and a look-up
table correlating the at least one operating parameter Lo predetermined compressed

air injection rate proliles.

The following describes criteria and logic flow for the initiation of air boost event in

an embadiment of the project, with reference to Figures 3.1 10 3.3,

As will shew in Fig 3.1, a number of inputs are reecived hy the wir injection system
controller. either from a CAN bus conncelion or separate cammumication links.

These inputs include, for example:

| Fngine status and parameter information received from, e.g. the engine controller
and’or directly from engine-related sensors.
1

2 Information in the boost state of the engine from, ¢.g. the engine controller and/or

pressure sensers in the intake tract,

30




L

Vehicle emissions performance information obtained, e.g. directly from exhaust

sansars and/or other control modules.

4 Vehicle emissions perfermance information chiained, 2. directly from exhaust

censors and/or other control modules,

. Air brake svstem status information from. €., SEnsors (such &5 a compressed air
sl0rage reservoir pressure sensors, a brike pedal positicn sensor and/or 2 wheel
speed sensor), a vehicle brake controller and/or a vehicle stability control system
comtroller, and other wehicle equipment status information {such as air
compresser engaged/disengaged stalus and’ar other pewer take-oll equipment
oparating stale).

Preferably, input parameters (o be considered in the evaluation of air boost event
wtivation und deactivation include enging speed, intercooler pressure {a measure of
4ir boost status), pressure present in the air booster system campressed air supply.
sccelerstor pedal position and position rate of change (and/or alternatively, frequency
of acceleration position exceeding 4 predetermined position). and the rENSMISSion

gear, clutch stale and current shifting status (e.g. upshifting or downshifting).

At @ minimum. knowledge of inake manifold pressure and aceelerstor pedal
position is needed, however aMternative andlor supplemental inputs include: for
encine-related information, turbocharger rpm engine torgue output, engine laad,
coolant temperature and exhaust gas mass flow rate; for engine air hoosting-related

=semation, intake manifold pressure, intake pressure measured in the intake tract

seerream of the intake manifold and the intake air mass flow rate: for emissions-
~elsted information. EGR mass flow rate, DPF (dicsel particulaie [ilter) regeneration

wae and NOx aficr-treatment system availability (e.g., stafus of exhaust line SCR

3l




and/or NOx ahsorber components); for air brake sysiem infarmation, status af anti-
lock brake system activation (in the case of tracior-trailer vehicles, preferably the
ABS status of both the tractor and the trailer brakes), brake pedul position. parking
brake status and trailer stability status; for other vehicle systems, the vehicle ignition

slatus and cruise control status.

It will be readily apparent to those of skill in the arn that the forcgoing is an
ilustrative. but not exhaustive, listing of paramelers and system status indieations
which may be considered as inputs to the air booster system contraller for
determining whether to activate or deactivate air boaster system. and that in the
course of implementation of en embodiment ol the present project the system design
will determined from each vehicle's various available parameter and system status

sources which inputs will be provided to the air bonster sysiem controller.

Applying the control logie m the embodiment illustrated in figures 3.2 to 3.4, the air
booster system controller outputs contral signals to activate or deactivale an air boost

svent via control of the solenoid valves in the air control device,




AlS Control Dependences

Fnputs U B Cutpats

Lngine

Engine air boosting
Emission

Driveline

Afr break system
(nhear vehicle syslem

AlS Control e AlS ON/OFF

Figure 3.1 Identifying comtrol dependencies for initiation and deactivalivn of air
haost event in accordance with an embodiment of the project.
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dependencies for initiation and deactivation of air hoost event in accordance with an
embodiment of the project.
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4.1 Introduction

Mean Value Engine Model (MVEM) is the basis of control design for
advanced internal eombustion engines, [he engine performance rransicnl process
usually takes & few cycles. The MVEM provides an adequale accurate description of
the engine dynamics with reasonable approximation by ignoring the heat loss and
sub-cyele events. MVEM is very important for engine sysium control development.
especially when the modern engine becomes more and more complicated when
equippad with throttle, rurbocharger and after-treatment systems. Usually the MVEM
is developed bused on data from engine 1esis. which is a costly and time consuming
process. In this chapter, the air path MVEM modeling method is discussed for a
rurbocharged dicsel engine. Simulation is upplisd to demonstrate the effectivencss of
this new method. This approach could be used 1o gat the MYEM for contrel design
even belore the prototype engine is available, It reduces the cost, risk and labor
compared with the test data based appreach. This MVEM meodel can be built in
modules and the parameters can be validated for a specilic engine. These advantages

make it applicable to o wide range of engines.

42 Mean Value Engine Module

The control orienied sub-system models of a wrbocharged diesel engine
system arc presented in this section. The system lavout is shown in fig4.1. These
cub-svstem models include compressor. inlercooler. intake manifold, engine
combustion, exhausl manifold, turbine, waste gate, and turbocharger dynamic. The

detail process of medeling and verification of each module are introduced.

For the mean values model, it was assumed that the air obeys the ideal zas law, the

pressure is uniform in the intake and exhaust manifold, and there is not any heat
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lossss to the walls, In conmbustion, heat is relezsed in the whole combustion chamber

ar homogeneous conditions. and the gases can be regarded as ideal gases.

Rl - e

Interceader

Throttle [

<]
pm M Fq_!
M., - i
= —_—

4.3 Turbucharger

Tn. Mamifold  Cvlindsrs

Wasicgaie

biEd

T Manifold

Figure 4.1 Tngine structure and main variables of MVYEM

The turbochurger consists of a turbine driven by the exhaust gas and connected

via a common shaft to the campressor, which compresses the air in the intake. The

rotational speed of the turhocharger shall Ny can be derived as a power balance

between the power of turbing Poyrp, and the power of compressor side Fegmp, which is

it the rate of change in the turbocharger speed Nruirh

. - (ﬂ]z Pturb. = P:'nmp.
i 2! lourn, — Neurh.
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i1 revolutions per minute (rpm) and lrt,

r speed 1s measured
¢ COMpressor

Where the turbocharge
Qubsequently, the expressions [or th

is the inertia of the {urbacharger.

and turbing power tre derived separately.

43,1 Compressor

through a shaft 10 utilize the Kinetic
manifold. The mass flow
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The tarbine and compressar ark conneched

exhaust to increase air density in the intake
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energy from the
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The compressor efficiency {(Mecomp.) cannot be measured dircetly and kas 1o be

caleulated based on the pressure and lemperature ratics across the compressor,

Where the B, is the compressor power and Peand T is the air pressure and
temperature developed by the compressor respectively, p, and T, is pressure and
temperature ofembient air respectively, €p 14 the speeific heat of ambicnl air, and v is
the air specific heat ration.

To aveid using complex function and regression. we have 1o use two pressirs
sensors in the intake and cxhaust manifold, these two sensor used to measure the

compressor pressure and the exhaust gas pressure,

43.2 Turbine
The expressions for the rurbine power ( By ) and efTiciency( s, )

I

Py
Prurs, = Mlpurp Gy o Tturk, Tax (1 s (—-—F ) ' )
“EX.
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Where the pi,p and Ty is the pressure and temperature after the t(urhine
respectively and p,, and T, is pressure and temperature of the exhause gas
respectively, and fig,p, is the mass flow rate of the exhaust 235 and ¢, 4y, is the
specific heat of the exhaust gas,

The power transfer between the turbine and the compresser is modeled by

TFL-ump. F Pc'l:rmp. = Neurs, Frurh, 4.6

Where Teys and 1 are the turbo ¢lficiency and the lurbo-lag time constants

respectively and Peoynp. is the rate of change of the COMpressor power,

4.3.3  Turbocharger map

The main characteristic of a turbocharged engine is the lack of mechanicl
connection between turbocharger and engine crankshaft, Consequently, lurbocharger
and engine specds are not mechanically but only indicectly interrelated. Turbocharger
compressor boost pressure and afr-mass low rate are typically interconneeted via
maps such as the one illustrated in fig.d.2 showing also contours of eanstant

isentropic efficiency and rotational speed,
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Compressor Pressure Ratio
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Alr-mass Flow-rate (m%/s)

Figure 4.2 Typical map of aerodynamic type furbocharger compressar

The non-lirearity of the compressor characteristics is apparcnt. Considering the
constant speed paramerter lines it is observed that their slopes vary from almaost
perfectly horizontal near the surge Fmit to almost vertcsl at high flows, The
contours of canstant efficiency are roughly elliptical.

There are several limits of compressor uperation;

1. Muximum speed limit: Turbocharuer speed should be kept below this speed

10 avoid excessive centrifugal forces.

2. Choke mit at the right of the map: The maximum centrifugal compressor

mass flow rate is normally limited by the cross-section a1 the compressor




mnlet. When the flow at the wheel inlet reaches sanic velocity, no further flow

rate increase is possible.

el

Surge limit: The map width is limited on the left by the surge line. This is
basically "stalling" of the air Mow at the compressor infel. With too small a
volume flow and too high & pressure ratio, the low can no longer adhere to
the suerion side of the blades, with the result that the discharge process is
interrupted. The air Now through the compresser is reversed until a stable
pressure ratio with positive volume Mow rate is reached, the pressure builds
up again and the cycle repeats. This Now instability continues at a fixed
frequency and the resultant noise is known as "surging”, Al high boost
pressures. the speed range is vsually narrow and the isentropic efficiency Tow;

this is true for turbocharger turbines too.

It is made obvious then. that it is impossible for a radial commpressor to achieve hoth
high boost pressure and air-mass flow-rate when cperating at low rotational speed.
Instead, acceleration of the turbocharger ta a higher speed is required, which,
unfertunately. is delaved considerabl ¥ by the twbocharger’s mass moment of inertia.
At sicady-state conditions, the murbine power is equal to the sum of the compressor
power and the losses in the murbocharger shaft bearings, so both compresser and
turbine are in an equilibrium state. IT (he engine aperating condition is chaneed after
a ramp increase in load or fueling, the lurbocharger needs to accelerate o 8 new

aperating point in order Lo provide the required higher boast. To achieve that, the

turhine power must exceed the COMMIESSOr pOWEer.




4.4 Interconler

The air temperature T, increnses after the compression, so the intercooler was

used to cool it down. The air temperature at the exit of the intercooler Th 18 given hy

Ty=Tp— elTe— Tiseinat) 4.7
Where T,.qen¢ is assumed to be same with ambient wmperature Ty [or simplicity,

e Is the effectiveness of the intercooler. The pressure drop, filling and emptving

ellect of the intercooler volume is considered together with the intake manifald.

44.1 Interconler pressure dynamic

The inter-covler pressure dynamic is meodel by a control volume filled with

ideal gas, with assumption of the constant temperature. Based on ideal gas question

Yy = mRTy 4.8

bpVh = mRT, = hRT, + mRT, 4.9

The temperalure was assumed constant; the second term of the model was ignarad

for simplicity. So the intercooler pressure dynamic model becornas

I:ll]h E
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Where m; is the out flow 1 the intake manifald, pi, is the intake manifold Pressure,
Py is the boost pressure after intercooler. A5 is Lhe area of the duct, while Cy is the
discharge cocflicient through the duct and R is the gas constant of the intake
manifold mixture

4.5 Intake manifolds

The intake and cxhaust manifolds are modeled as apen thermodynumic
systems, where the mass of gas can increase or decrease with time (so-called filling
and emptying model), The two governing equations for such systems are the
Conservation of Mass and the Conservation of Energy, Considering the adiabaiic
conditions and assuming an ideal gas with constant specific heats, the rare mass flow

changs inside this contral volume can be given by the continuity equation given by

dm

Tlm = 1 = 1, 412
Where my,, is the inteke manifold mass content, 1, is the input mass flow o the
intake manifold, and m, is the out flow (o the engine evlinders. For an ideal gas, the

mass in this case can be exprassed as follows.

_ PimVim
T

413




Where py,, and Ty, is the pressure and emperature of the intzke manitold
respeclively. and R is the gas constant of the intake manifold mixture, while Vi, is
the intake manifold volume, Accordingly, the pressure rate of change inside the
intake manifold is modeled as:

G Pim _ RTigy .

The total mass flow into the intake manifold depends on the pressure difference
petween the source and the intuke manifold, and the accumulated musses in the

mantfold ars:

B = Weom + gy + Hggr 415

Where m, ., is the mass (Jow rate from the compressor, 1y, is the mass flow rate
from the air tank, and Mg 15 the recirculated exhaust gas mass Mow, which is cuual
10 zero in this period of modeling. because during accelcration the re-circulated

exhaust gas valve is completely closed.

For the purpese of this modeling, it is sufficiently aceurate to adopt subsonic Now
through restriction modeling to account for the flow for the intake manifold.

For subsonic flow the mass flow rate from the air tank to the intake displacemient can

be expressed as:




And for senic flow, the mass flow rate from the air tank to the intake displacemen:

can be expressed as:

: =
mﬂl:J?[m 417

Where C, the coefficient of discharge of the compressed air is. Ay is the flow area of
the injector valve, p, is the pressure of the air in the tank. and v is the air specific
heat ratio.

4.5.1  Air-churping model

Air charging fram the intake manifold to the eylinder is a highly nonfinear
process depending on the volumerric efficiency Ny, enging speed N, and intake
manifold states of Ty, and p; _which describes the ENgine pumping process as

- Bim N, IillilI:l
rhﬂ' o, ﬁll'l]] TimH.,m 12{] 4‘13

Wherc Vg is the displacement volume, the yolumetric efficiency is mainly & function

of engine speed, intake manifold pressure.




4.6 Exhaust Manifold

1o model the conditions in the exhaust manifold, the temperatare of the mass
flow from the cylinder into the exhaust manifold is necessary, It is a function of fuel

flow, air flow into the cylinders, and engine speed.

T:E! = r(m[- matrrme)
The exhaust pressure dynamics are modeled as in the inteke manifald,

| Ra.T .
By = _Exzﬁ(mm = Mgy — mwg) 419

Where p., is pressure. T, is the temperature, and R, is the gas constant of the
intzke manifold, while Vy is the manifold volume and Mgy, exhaust mass Now rare,
which consist of fuel and air flow rate into the eylinder; iy and 1y, are turbine
flow rates and waste gate flaw rates respectively. The waste pate openings used Lo

adjust the hypass flow as My, in order to control the exhaust manifold pressure. The

engine air density is indirecily adjusted through the turbocharger power by the
cxhiust manifold pressure.
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CHAPTER FIVE

COMPUTER SIMULATION

Content:

3.1 Simulation strategy

3.2 Resuliy




3.1 Simulation stratesy

The Simulation is based on a typical automative diesel engine |9]. The engine

has a radial turbine and centrifugal compresser. With this engine specification:

Table 5.1 Cingine specification for simulation

[Fﬁng‘me T}-En: = | Stroke Diesel
‘ Stroke | 82.0 mm =
Bore = T im0 i
uuuuu S — ———— - — — — e —
Number of Cylinders 4
-Cuml}uﬁﬁ gntem = m i Di rcu‘..llrﬁ{;c;lan_ S ‘
Compression Ratie | 220 I
| ™ e — e - = - = = ’

To generate the results for this projeet it was important Lo undarstand what ellects the
air injection would have. The airy of the sir injection svstem was to reduce the Gime
Ihat the mrbocharger lakes 1o reach steady state and also the overall improvement to
perlormance needed o be considered to make sure that the increased turbocharger

performance had the desired effects.

The transient period for the simulation was carried aut for 4 seconds, Diuring this
lime the engine speed was increased from 1000rpm to 4000mpm. This transient

simulation was set up to represent a simple engine aceeleration evenr,

A Quasi-Steady model was used to simulate the transient behavior of the air injection

system. Primarily @ range of values for different engine speeds ranging [rom

1000rpm 10 £000rpm were selected.




These results were then used o judge the critical area. Oncs identilied more resuls
in this impormant region were generated to improve the resclution. This reduced the
computing time by decreasing the resolution in areas of less importance in the

transient period.

The simulations were run with and without air injection, the air injection included

pressures of 2.5 bur and 3 bar, The air was injected for the entire time of the transicnt

periad.

T ussess the effect the air injection had on the wrbocharger pressure readings from
the compressor outlet were taken. This showed how the turbocharger was responding
to the air injection system. To review the efTect on overall engine performance, the

power cutpat from the engine was simulated. Using power output meant that it was

possible o see if the system would have an effeet on the drivahbility of the car,




5.2 Results

the compressor outler. The results

Fig.5.1 shows the pressure response of
nereasing to an almost steadv siate,

show an initial delay in response belore rapidly i
the results show that when the ajr injection system is used the fime taken for the
System 10 reuch a steadv state is areatly reduced. This means that the air pressure
going into the cylinders is bigher at an earfier stage of the process which would

ensure that the airfuel ratio is ideal.

22 - -
= [ /
g : f T He Aren
H i / - — 158w arinjectan
! 151 i =— 1020 AT Irjzton
| ,'I /

1 T Y
a t H 1 4 g B
T (8

Figure 5.1 Compressor outlet Pressure responses

of change of the pressure response for the compressar outlet.

Fig.5.2 shows the rate
been completed much

shown to be much greater and 1o have
mjeetion reduces the response time

The rate of ehange is
faster for the air injection systems. The 3 ba air




by three seconds. This means that the campressor reaches its steady state operating

eonditions significantly earfier than & turbocharger without the air injection system.
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Figure 5.2 Rate of change of ¢ampressor outles res ponse

The overall affct thar the air injection system has on the engine hes been shown in
fig 5.3 this praph shaws the power of the engine over the wansient period. The poor
drivability felt by the driver is due to the delay in the power response [rom s

turbocharged engine.

I'he Graph shows that the Air injected svster shuws a considerable reduction in the

time that the engine reaches equilibrium. This subsequently leads 1o an improvement

in the elliciency of the engine, with of improved deivability,
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Figure 5.3 Power response of engine system
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6.1 Introduction

Turbochareed vehicles exhibil a weak point of poor drivability under transicnt
running conditions. Reduced air flow in the combustion chamber while fuel is
injected causes inadequate air fuel ratio (1. rich mixture). The result is an increased
formatien ol emissivns such as CO, NO, which contribute to environmental

pallation.

Air injection increases the air flow during the transient phase reducing the harmful

emissions. Experimental work has shown that injocting air into the manifald greatly

improves the transient response of the turbocharger and engine pawer.




6.2 System Components

Figure 6.1 Svstem compenents

6.2.1 The air injection unit

The air infection unit ¢onsists of:
l.  Air compressor,
High-pressure air tank with mechanical pressure sensor.

3. Alr injection unit (Pressure regulator, solenoid valve).




6.2.1.1  Air compressor

The compressor that is used is the compressor for the AJC svatem that

used in the vehicle, which allow charging the air inside the mnk under high
pressure,

Figure 6.2 Air compressor




6.2.1.2  High-pressure air tank with mechanical pressure sensor

It can accumulale the air under pressure of 8 bar and iits volume js 40
liter, including mechanical PrESSUre sensor and pressure gage where the
mechanical pressure sensor is usad (o regulate the pressure in the tnk
preventing it from increasing above 8 bar and decreusing it less than 4 bar by

vonnecting and discommecting the voltage to the compressar,

Figure 6.3 Air 1unk




6.:2.1.3 Air injeetion unit (pressure regulator, solenoid vitlve)

a. Air pressure regulator

Its function to reduce the pressure coming from the hish-pressure gir

storage tank (8 bar) to the desired pressure in the inake meanifold,

Figure 6.4 Pressure regulator

b. Air injection solenoid valve

Its function is to pass the pressurized air from the tank 1o the intake

manifold when it needed in the transient period.

Figure 6.5 Solenoid valve




Figure 6.6 I'ressure regulator and Solenoid valve




6.2.2 The dynamomaeter (Water brake uhso rher)

Hydravtic dynamometers are machines that megsure the power of an cngine
by using a cell filled with liquid to increase its load. The turbulent action of the waler
ahsorbs the power of the engine. The load is controlled by the water inlet. The power

is converied into heat, which is carried away by the continually flowing of water,

Dyrnamemeter with vertical instrurnent panel measures engine torgue and power

continuously trom an absorprion brake,

The schemalic shows the mest common type of water brake, known as the "variable
level” type. Water is added until the enping is keld at steady RPM against the load,
with the water then kept at that lsvel and replaced by constant draining and refilling
(which is needed Lo carry away the hear created by absorbing the horsepower), The
housing amempts to rotare in response ta the oryue produced, but are restrained by
the scale or torque metering cell that measures the lorgue,

| Water in

Tathormeer maasuras
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circulatia !
n\ | (| Botor

Engine rozales rotar

il ! Statar housing reacts
= o torque procuced
Ta o (=
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L |

Torgus meter

Waler oul * /

Figure 6.7 A water brake




Figure 6.8 The dynamameter (Waler brake absorber)




6.3 Resulis

The project was applied on a diescl engine. The engine has g turbocharger.

With this engine spacification,

Table 6.1 Engine specification

-ﬂgine Type 4 Stroke Diesel
Stroke 745
Bore 95.5mm

Number of Cylinders 4
Combustlion Syvstem Dircet Injection

Compression Ratio 18

Figure 6.9 shows the RPEsSURe responsc of the turbocharger comprossor outlel, The
resulls show an initial delay in response before rapidly inercasing to an almost stead ¥
state, The results show that when the aiy injection system is used the time taken far

the system to reach a steady state is greatly reduced,

This means that the air pressure going into the evlinders is higher at an earlicr stage
of the process. which would ensure that the air/fuel ratio is correct, The 2 bar uir
mjection reduces the respunse time by two seconds. This means that the compressor
reaches its steady state operating conditions significantly earlier than a turbochurger

without the air injection sysiem.

By comparing scverzl readings were luken hy using a scan tool svstem, with and

without using system and pul it in the cusve.




Clearly shows the difference in response time to reach's the muximum value of

pressure which take about 3 s without svstem and 1.5 < by using svstem.

Turbocharger Pressure vs. Time
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Figure 6.9 Compraossor vullet pressure responses

The overall effect that the air injection system on the engine wrque and engine power
has been shown in fig. 6.10 and fig. 6.11 respectively: these graphs shows the torgue

and the power of the engine over the transient period.




Engine Power vs Time
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Figurc 6.11 Power response of enging system




.4 Diagnnstic Deviee

[n this project we choosa important diagnostic device (autceome COP +) as
shown in figure (6.12) 1o record and store the engine uperational parameters such as
reading measurements sensors and actualors and signal graph such as engine speed

and manifold absolute pressure.

This device is connect with diagnastic interface (OBD [ 1 yehicle to perform many
tasks such as storage | reading operational parameters, reading fault code, and

aclivation many electrical and mechanical device |

Figure 6.12 Diagnostic device autocome COP




The following graphs was obtained from autocam diagnostic tool. Fig. 6.13

shaws that at 2108 RPM the intake manifold pressure take 3 seconds o reaches

i 920 mbar,
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Figure 6.13 Autocom graph without using system
Fig. 6.14 shows that al 2370 RPM the intake manifold pressure take 1.5 seconds
to reaches 1990 mbar,

Which means that the air injection reduces the response tirme by 1.5 seconds
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Figure 6.14 Autocom graph wilh using system
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7.1 Conclusions

This project presented modeling technique and experimental results of a
trunsient turbocharged engine systern. The initial resulls show that this is 4 promising
area 1o reduee cmissions and improving performance of internal combustion Cngines

during transient operation.
I'he abrained resulls show that:

I Significant improvement Lo the trunsient response of the compressor outlel

which should reduce the formation of €05 and No_.

4

Larger Injection pressures have an increased ciect on the turbochargers

transient response.

3. Overall engine performance has been improved.

4. High injection pressures improve performance,




-
¢

2 Reeommendatione

The oblained resulis are promotion and peed further study for porential

improvement of engine transisnt response und emission model

Engine development is a multi-diseiplinary area and has the interaction ard
cooperation at muitiple levels and aspects, This rescarch discusses the co-design and
integration of detail madeling and control desizn. Seme propused methods are not

finished end some ideas need further develepment for verification and epplication
Following are potential topics:

l. Mean Value Model transient verifieation.

2. Control design for system

3. Fimission model integrution.

% Generic Mean Value Model with extension of emission model and afier-
treatment.

> Faule diagnosis design and  verification with the Inlegrated Engine

simulation Model.

A
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