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Part 1l

Engine and Fuel Technologies for Future
Car Developments

Text A. Engine and Fuel Technologies

In view of the continuing rise in the demand for mobility and the
clear desire on the part of the customer for cars which offer good fuel-
economy and low emissions, we need to ask the question — which ad-
vanced technologies are going to dominate engine construction? It is
plain to see that car engines with direct fuel injection are set to congquer
a wide field of application. This poses the question, whether the direct
injection gasoline engine will be able to close the gap on the DI diesel
engine’s current fuel economy advantage. Comparative studies show
that with the rapid development of direct injection gasoline engines the-
s€ may succeed in achieving part throttle fuel consumption levels simi-
lar to those of a diesel, but overall, the diesel engine will be able to re-
tain its fuel economy advantage in that the difference between diesel
and gasoline engines is clearly becoming less significant and smaller
differences are being recorded as regards CO2. But even if both proces-
ses are developed towards optimum compression ratios, advantages still
remain in favor of the diesel engine.

However, the further future of direct injection engines may only be
seen as secure if the problems of applying the possible technologies for
treatment of exhaust gas produced with surplus oxygen (deNOx and
NOx-adsorber catalytic converters) are overcome. This may only be do-
ne with a development contribution from the petrochemical industry to
ensure that high-quality fuels with a sulfur content of only a few ppm
are in future available worldwide.

ACTIVE WORDS AND WORD COMBINATIONS

mobility nogemxHoCTS, MaHEBPEHHOCTD



emissions sMUCCHs, BEIOPOCHI

advanced technology nepenoras TeXHOIOTHA

to conquer 3aBOEBELIBATh

to pose a question MOCTaBUTE BOTIPOC

direct injection (DI) gasoline engine gBurare/sb ¢ HENOCPEACTBEHHBIM
BAPBICKUBaHUEM OEH3HHA

to succeed in MpeycneBars B ...

fuel consumption level yposens morpebnenus TomHsa

throttle npoccensHas 3aciioHKa

optimum compression ratio onTUMaTbHAas CTEMEHD. CKATHA

secure HageKHEIH, GezonacHbIH

surplus oxygen JONOIHHATENBHBIA KMCIOPOA

sulfur content cogeprxanue cepsl

deNOx catalytic converter BOCCTaHOBHTE/IBHBIH KaTajHTHYECKHH
HelTpanu3aTop OKCHAOB a30Ta

NOx-adsorber catalytic converter kaTaJHTHUECKHH HEHTpaIH3aTOD
(ancopOep) OKCHIIOB a30Ta

ppm eavHuLa 00EEMHOTO COIEPIKAHMA TOKCHIHEIX KOMITOHEHTOB B OT-
paboTaBiux rasax

EXERCISES

1. Read through the text and compare advantages of direct injection
gasoline engines and diesel engines

2. Answer the foilowing questions:
1. What car engines will find a wide field of application? 2. What

engines are compared in this text? 3. What can help to solve the prob-
lem of treatment of exhaust gas produced with surplus oxygen?

3. Complete the following sentences and determine the functions of infinitives in
the sentences:

1. Car engines with direct injection are set to .... 2. Will a direct in-
jection gasoline engine be able to ... ?

4. Find sentences with Passive Voice constructions in the text. Translate them.

5. Translate the following word combinations into Russian:

1) to offer good fuel economy and low emissions; 2) to conquer a
wide field of application; 3) to develop towards optimum compression
ratios; 4) to overcome the problems of applying the possible technolo-
gies for treatment of exhaust gas.
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Text B. Problems and Aspects for Discussion Concerning Car
Diesel Engines and Gasoline Engines

If you closely follow the automobile development scene — that inc-
ludes the latest international conferences, journal publications, all sorts
of academic reports and the latest discussions — you get the impression
that engine developers have been extremely busy. A range of new terms
and development areas are presented to the astonished observer.

For example, you sometimes hear that the car diesel engine has no
future because for a diesel (which in the vast majority of cases will be a
direct injection engine) future pollutant limits will be an insurmountab-
le obstacle. And the gasoline engine, as the same sources say, is catching
up on the diesel and will soon be achieving equally low fuel consumpti-
on levels. So, where is the need for diesel engines which would then be
relatively expensive by comparison?

We would now like to attempt, from a European automobile manu-
facturer’s perspective, to find an answer to many questions about whet-
her there really is a future for the car diesel engine when compared to
the gasoline engine. Such a question, especially given its implicit skep-
ticism, cannot fail to provoke a response from a manufacturer such as
Mercedes Benz which has for many years been powering cars with die-
sel engines and has developed them to a high level of refinement. A
comparative discussion must also take in the question of whether there
are contributions to be made by other disciplines associated with the au-
tomobile industry. One matter to be addressed is what sort of contribu-
tion the petrochemical industry should make, for example. It should be
made clear what can be done and what needs to be expected in order to
secure the future of the internal combustion engine through the further
development of technology.

ACTIVE WORDS AND WORD COMBINATIONS

to astonish nopaskarh, H2yMIATE

an insurmountable obstacle HenpeononuMoe npensTCTRHE

to catch up on rorousaTs

to provoke a response BEI3BIBATh OTBETHYIO PEAKLUIO

to power a car cHaGXath MalUHHY CHIOBBIM JBUraTeneM

a high level of refinement n0CTHYL BRICOKOIO YPOBHSA COBEPIISHCTBA
implicit skepticism CKpHITBIH CKENTTULIM3M

1. Look through the text and determine the problems under consideration:




2. Match the following parts of the sentences:

1. The automobile development  a. an insurmountable obstacle.
scene includes _ _

2. Future pollutant limits for a b. the diesel engine,

diesel engine will be _

3. The gasoline engine is catching ¢, to secure the future of the inter-

up on nal combustion enging.

4. Mersedes Benz has for many d. the latest internauon_al confer-

years ences, journal publications, aca-

5. A wide range of problems demic reports. o

should be solved e. been powering cars with diesel
engines.

3. Find the modal verb “should” in the text and translate the corresponding sentences.

4, Find two sentences in the text which contain the indi‘rect general qu‘e‘stion. Pety
attention to the word order in the sentences and to the translation of the word “whether”.

Text C. Gasoline Engine Technologies

Today’s gasoline engines have reached a level of development
which in terms of power density, smooth running, noise and pollutant
emissions is almost unbeatable that, at least, is the first impression. Ho-
wever there exist some problems. One example is the d1spute? betwee’n
manufacturers over the number of intake and exhaust valves in today’s
engines. Five or three? Or four, after all? :

There is consensus on the aim of an optimized gas exchange and mi-
nimized losses. All users are equally attracted by claims of high spark plug
performance and long plug life. This testifies to the advanced level of this
technology. The next dispute may be over whether one or two spark plugs
per cylinder are the right choice. What can bp said is that the spark plug
will be a factor in technological progress; their number and position in the
combustion chamber will depend on the individual application. a

New technologies offer various methods to make “low friction™ engi-
nes, to reduce their weight by use of light matc_rials or t0 provide effecti-
ve cooling as protection against overheating with suitable coolant passa-
ges in the right places. This is all state of the art. And all these functions
are monitored and managed by a highly integrated engine control system.

Besides other problems, the injection system is of central importan-
ce. Pressure of up to 120 bar* is used which, when using gasoline, rep-
resents a major challenge for developers of injection systems.

* 1B (bar) = 10 Pa
6

Exhaust gas recirculation, which has played such a major role in di-
esel engines, will also become an increasingly important element for ga-
soline engines. Two inlet ducts with an integrated switching mechanism
appear to be a promising approach to allow sufficient variability in the
fuel mixture over a wide range of engine speeds.

NOx in the exhaust gas must be reduced by surplus oxygen and par-
ticulate emissions which are likely to increase slightly must also be kept
at the lowest possible lewel.

ACTIVE WORDS AND WORD COMBINATIONS

unbeatable senpensoiaeHHbIH

smooth running markocts paSors

power density yaenbHas MOIIHOCTS (OTHECEHHAS K eHHHLIEC o0beMa)
pollutant emissions BsiGpocst

intake valve Brycknoii knanau

exhaust valve Beimycknoif wianan

claims TpeGosanms, 3aasnenns, yreepKaenus, MPeTeH3UH
spark plug creua saxuraHms

long plug life nonroseuHoCTE cBEUH 3aKHranHsT

“low friction” engine mBurarens ¢ MasbIMK cHIAME TpeHHUs
coolant passage KaHaJ i OXNAKIAROLIEH JKUIKOCTH
challenge Br130B

inlet duct BriyckHoit TpyGonposoz

particulate emissions Bsi6pochr wacTui

combustion chamber xamepa cropanus

EXERCISES

1, Read through the text and answer the following question:

What kind of problems do gasoline engine manufacturers have to
deal with?

2. Answer (he foliowing questions about the text:

1. What positive characteristics of today’s gasoline engines can you
mention? 2. What number of intake and exhaust valves in today’s engi-
nes do manufacturers offer? 3. What are users’ claims concerning spark
plug? 4. How can the weight of the engine be reduced? 5. How can ef-
fective cooling be provided? 6. What engine system is of central impor-
tance? 7. How can the content of NOx in the exhaust gas be reduced?
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3. Find two sentences in the text where complex subject constructions are used with
the words “to appear” and “to be likely” as predicates. Translate these sentences. Make
up your own sentences using these or such like predicates.

Text D. Diesel Engine Technologies

Many developments in the automobile industry now deal intensi-
vely with the use of direct injection diesel engines in cars. It is, howe-
ver, noticeable that these activities are mainly to be observed in Europe.
Occasionally, doubts are raised by those groups of countries which
openly declare that diesel engines for cars do not represent a significant
area in their development activities. You at Ieast hardly ever see a pre-
sentation on car diesel engines coming from the USA. A possible exp-
lanation might be the fact that fuel prices there and the fuel distribution
infrastructure give no reason for customers to want to drive a diesel car
for the sake of fuel economy. But contributions from Japan on this sub-
ject are also relatively rare compared to those from Europe. The deve-
lopment of a small number of standard engines, however appears to ha-
ve confirmed the diesel’s potential. By contrast, Europe’s engine manu-
facturers have a much more progressive record. In the case of many
Mercedes Benz models, 20% of the cars supplied are diesel-powered.

Mercedes Benz learned in the development of prechamber engines
what sort of an advantage the 4 valve technology could be for the diesel
engine. It was found that combustion in the main chamber, which is ini-
tiated from the center of the cylinder, spreads out evenly in all directions
to the cylinder wall and a clever arrangement of the combustion holes on
several levels allows the available oxygen to be used. Spontaneous pres-
sure peaks causing high noise were eliminated using refined injection
technology and pintle-type injectors and by optimization of the precham-
ber geometry. The relatively high efficiencies achieved by these refine-
ments explain the low consumption levels of this combustion process.
The very low raw emissions resulting from the two-stage combustion
process and the low particulate emissions have demonstrated that this
process should have further potential in terms of limiting exhaust gas
pollution. Nevertheless, it must be considered that the high heat losses to
the walls and the long combustion time cannot be sufficiently reduced.

It was planned to put the direct injection process into series produc-
tion. Four valves, a centrally positioned injector nozzle and the high fle-
xibility of the electronically controlled high-pressure injection system
together with electronically controlled turbo-charging allow high torqu-
es to be reached at low engine rpm.
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The direct injection process is a system where relatively high nitro-
gen oxide levels may be considerably reduced by exhaust gas recircula-
tion, but this technology alone is not sufficient to meet the extremely de-
manding combination of limits that will be applied in the future. Rese-
arch departments are, therefore, working on a breakthrough in deNOx
technology.

ACTIVE WORDS AND WORD COMBINATIONS

prechamber engine npegxaMepHsii IBHraTE b

to eliminate ycrpansars

to spread evenly pacrnpocTpaHiIThECS PABHOMEPHO

combustion hole yrmy6neHue kamepsl cropasus

pressure peak nuxkoroe (MakCHMaTbHOE) AaBlICHHE

refined injection technology ycoBepiIeHCTBOBAHHAS TEXHOJIOTHS
BTIPLICKHBAHUA

pintle-type injector gopcynka mrudToBoro Tuna

prechamber geometry reomerpust npeaxamepst

raw emissions HemoHeie BRIOPOCH!

centrally positioned injection nozzle UeHTpPanbHO PACHOIOKEHHOE
BIIPBICKHMBAIOLIICE OTBEPCTHE

flexibility nonprmwkHOCTE

turbo-charging typGonanmys

high torque makcuManbHBIH KPYTAILAN MOMEHT

engine rpm 4acroTa BpalleHus JIBHraTe s

EXERCISES

1. Read through the text and find advantages and disadvantages of diesel engine
technologies.

2. Compare the attitude of European countries, USA and Japan to the use of direct
injection diesel engines in cars.
3. Answer the following questions about the text:

1. What are the advantages of the 4 valve technology? 2. What is the
role of the clever arrangement of the combustion holes on several le-
vels? 3. In what way were spontaneous pressure peaks causing high no-
ise eliminated? 4. What disadvantages of the 4 valve technology can you
mention? 5. In what field do research departments work?

4. Insert the missing words. Use the following necessary words:
 lorques, combustion holes, engine rpm, cylinder, cylinder wall, oxygen, diesel en-
gine, injection nozzle, the center.
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1. Many developments in the automobile industry deal with the use

of direct injection ......... in cars. 2. Combustion in the main chamber
is initiated from ......... ofthe ......... It spreads cut in all directions to
11 SR 3. Clever arangement of the ......... on several Jevels allows
the available ......... to be used. 4. Four valves, a centrally positioned
......... allow high ......... to be reached at low .........

Part II

Effect of Difference of High Pressure
Fuel Injection Systems on Exhaust Emissions from
HDDI Diesel Engine

The air pollution caused by automobile exhaust gas is a serious
problem. To protect the environment from air pollution and to reduce
CO2, improvement of fuel efficiency and reduction of exhaust emissi-
ons have become of extremely important concern recently, a high pres-
sure injection technique has been developed and researched as one of
the most effective countermeasures for Heavy Duty Direct Injection
(HDDI) diesel engines.

In this paper, three different types of high pressure injection systems,

such as the in-line pump, the

5 b0% Speed common rail injection system
g ] ' 1 and the unit injector, are com-
10— — — =t~ =~ }eoy Pared and demonstrated on a
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The injection rate of each
injection system is measured
with a Bosch type injection
rate measuring instrument,
Fig. 1 shows the injection ra-
%20 5 mews te of the in-line pump system

ExRaE Amprviged) at 60 % of rated engine spe-
Fig. 1. Injection rate shapes with the in-line ed. Fuel delivery varies from
pump system low load to full load range. A
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concave cam (Fig. 2) is used in the
-in-line pump system for injection
rate control. The injection pressu-
re is generated according to the
cam profile. The injection rate was
then controlled by the cam profile.
With the common rail system
: (Fig. 3), injection pressure is con-
Newty designed Comentimse  t0llEd independently of the engi-

concave com tongentiat com 1€ Speed and load. The rail pressu-
re was adjusted to the peak injec-
tion pressure with the in-line
pump system at the same injection quantity. The maximum injection ra-
te of the common rail system is in proportion to the rail pressure. When
the injection pressure is set higher with the same fuel delivery, the injec-
tion rate becomes higher
and the injection period be-
comes shorter. Fig. 4 shows
the injection rate of the unit
injector. It consists of a cam
driven mechanism similar
to the in-line pump system.
Thus, the injection rate be-

Fig. 2. In-line pump system cam profile
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Injection tate
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gins at a low rate and then B
gradually increases. Cxank Angle (CA)

Fig. § S_hf)WS_ the maxi- Fig. 3. Injection rate shapes with the common
mum peak injection pressu- rail system

re at full load condition over the engine speed range. In order to compa-
re the peak injection pressure,

§0% Speed so.zx24efe the injection nozzle specificati-

on is selected with the same in-
Jjection period, With the com-
mon rail system, the injection
pressure is controlled indepen-
dently of the engine speed and
load. However the maximum
injection pressure of the cam
37 - driven injection systems, such
Crank Angde fcd) as the in-line pump system and

Fig, 4. Injection rate shapes with the unit  the unit injector, is produced
injector rail system according to the cam speed.
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- The common rail system then
100%, Load ' produces a higher pressure than

i other injection systems under

low speeds and low load condi-
: tions.
il ’7’ // The smoke emission and the
. /‘ = 5 fuel economy with these injecti-
o Unit Injector PAMF o systems are compared at the
:i.:j;’:;f;‘:: ’ :;' ‘%7 same NOx emission level based
770000 the in-line pump system. As
far as the common rail system is
concerned, the injection timing
Fig. 5. Comparison of peak injection pressure jg retarded, and the injection u
between three injection systems pressure is increased to match
the NOx emission with the results of the in-line pump system.
For further reduction of exhaust emissions and improvement of fu-
el efficiency, it will be necessary to use the higher pressure inj ection tec-
hnique and the precise injection rate control technique simultaneously.
The sophisticated injection system development will become an increa-
singly important subject.
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ACTIVE WORDS AND WORD COMBINATIONS

HDDI (Heavy Duty Direct Injection) diesel engine nuzensHblil ABH-

rarenb OOJBIION MOIHOCTH ¢ HENOCPEACTBEHHBIM BIIPBICKHBAHHEM

injection system cHcTeMa BIPEICKHBAHHS

to reduce COKparuTh, YMEHbUIUTE

reduction cokpalieHie, yMEHbIICHHE

to improve yjry4mars, yCOBEpPIIEHCTBOBATE

improvement ynmydieHue, yCOBEpIICHCTBOBAHHE

countermeasure KOHTpMEpa i
in-line pump psaHBIH Hacoc .
common rail injection system cucrema Bripsicka “common rail”

unit injector o6veauuentas GpopcyHka (Hacoc-POpCyHKa)

maximum peak injection pressure MaKCHMAaIbHOE JABJICHHE BIIPBIC-
KHBaHMA

naturally aspirated diesel engine nuszenbHbIH IBHraTellb ¢ €CTECTBEH-
HEBIM Bo3gyXocHaGkerueM (Ges TypOonannysa)

injection rate ckopoCTh BIPBICKHBAHNL

cam profile npoduns Kynmauka

concave cam BOTHYTBIH KyTauok
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tangential cam TanreHUHANBHBIH KyTauok
fuel economy TOILTHBHAS 3KOHOMHUHOCTE
NOx emission smMuccus OKCHI0B a30Ta
smoke emission BrIGpoc aeva

rated speed HOMHHANLHAS YACTOTa BPAICHHSA
to retard 2amepiKHBaTH

injection timing MOMeHT BIpHICKHBAHUA

fuel delivery monaua tornuea

EXERCISES

1. Look through the text and answer the following question:
What types of high pressure injection systems have been considered
and compared?

2. A. Say a few words about

1) the dependence of the injection pressure on the injection rate and the injection period;
2) the maximum peak injection pressure with the common rail system.

B. Answer the question:

What techniques are necessary to use for further reduction of exha-
ust emission and fuel efficiency improvement?

3. Look through the text and find Passive Voice constructions in Present Perfect and
Past Indefinite.

4. A. Look through the text and complete the following sentences. Find the subject
and the predicate in the sentences.

1. A concave cam was used ... . 2. The injection pressure was gene-
rated ... . 3. The injection rate was controlled ... . 4. The rail pressure was
adjusted ... . 5. The injection pressure was set ... .

B. Change the completed sentences using Active Voice instead of Passive according
to the example:

4 concave cam was used for injection rate control. —
They used a concave cam for injection rate control.

5. Speak about the advantages of HDDI.

Part III

Dependence of Diesel Fuel Bulk Modulus
on Temperature and Pressure

Text A. Diesel Fuel Bulk Modulus

In recent years, a great deal of research activity has been directed at
understanding and improving the combustion process in diesel engines.
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The uvltimate aim has been to improve thermal efficiency and at the sa-
me time control pollutants emitted in the burned gases. The success of
the combustion process in a direct injection diesel engine depends lar-
gely on the quality of the mixture formed in the chamber. Mixture for-
mation is a complex process involving two-phase media, but it is gene-
rally agreed that the quality of the mixture formed in the chamber is lar-
gely determined by the characteristics of the fuel injection system and
how they are matched to a specific combustion chamber.

One of the important characteristics is the fuel injection pressure.
There are indications that the combustion process in a direct injection
engine can be improved by increasing injection pressure. The pressure
developed in a fuel compression system depends, among other things,
on how the fuel is compressed and on the properties of the fuel itself,
one of them being the fuel bulk modulus. Information on the values of
the bulk modulus and its dependence on fuel pressure and temperature
is highly desirable where high fuel pressures are to be generated.

At present, information on the bulk modulus of diesel fuel at high
pressure is very meaget. An earlier study on the measurement of adia-
batic bulk modulus was limited to diesel fuel pressure of about 40
MPa. It has been indicated that diesel fuel bulk modulus decreases
with temperature and initially increases with pressure, but actual valu-
es with pressure variation were not given, particularly for high fuel
pressure. Values of compressibility of some hydrocarbon fuel indicate
that it decreases with pressure, but there is no data on diesel fuel over
the pressure range of interest in some of the injection systems under
development

ACTIVE WORDS AND WORD COMBINATIONS

fuel bulk modulus Moxyns yupyrocts TormBa
diesel fuel nuzensuoe Toruzo

combustion cxxuranue

thermal efficiency Tepmuueckuii KITJT

direct injection HerocpencTBEHHOE BIPEICKUBAHHE
under development paspaGarsiBaemslii, cO31aBacMEIiA
medium (PI. media) cpena

to match to a combustion chamber coorsercrsosars Gopme Kamepsi
CropaHus

meager CKy/HbIH, HeOOCTATOYHEIH

hydrocarbon fuel yrnesomopomyoe Torseo

MPa MIla '
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EXERCISES

1. Look through the text and answer the following questions:

1. What is one of the most important characteristics of the fuel in-
jection process? 2. How can the combustion process in a direct injecti-
on engine be improved?

2. Look through the text and find:

1) the absolute participle construction (He3aBUCHMBII IIPHYACTHBI
obopor} in paragraph I1.

2) two gerunds (in paragraph I} and determine their functions in the
sentence.

3) three participles II in the function of an attribute (in paragraph I).
Pay attention to their places in the sentences.

4) the infinitive (in paragraph I) and determine its function in the
sentence.

5) one participle I in the function of an attribute.

3. Answer the following questions:

1. What is the aim of improving the combustion process? 2. What
does a mixture formation process involve? 3. What determines the qua-
lity of the mixture formed in the chamber? 4. In what way does the ge-
nera] diesel fuel bulk modulus depend on temperature and pressure?

4, Find in the text:
1) the synonym to the modal verb “must” (in paragraph II);
2) “it” in the function of the formal subject (in paragraph ).

5. Translate into English. Use the verbs with prepositions:

3aBHUCETE OT, TIOBBIUATLCS, TOUMKATLCS, YIYUIIaTh (IOCPEICTBOM
4ero-1u6o).

6. Translate the following sentences into English:

1. Tlenpto HMCCI@NOBAHMA SBISCTCS [OBBIIEHHE (HGHEKTHBHOCTH
cropasus. 2. Baykneiimed sanaueil spnsercs KOHTPOJIE 32 TOKCHYHBIMH
BEIIECTBAMY, BEIOpachiBaeMBIMH ¢ OTpafoTaBmmmu rasamu, 3. Tipo-
Lece 06pasoBaHKs TOMIMBHOM cMecH BKIIoYaeT ofpasoBanue 1Byxdas-
HbIX cped. 4. Kadectso 06pasyiowieiics TONIMBHOM CMECH 3aBMCHT OT
XapaKTePUCTHK CHCTEMBI BIIPBICKUBAHHA TOIUIMBA. 5. OnHOH H3 Bak-
HEHIIMX XApAKTEPUCTHK SBIACTCS JABJICHHE NPH BIOPLICKHBAHHH TOII-
nuBa. 6. JlanjieHHe IPH BIPBICKMBAHMH 3aBHCHT OT CBOMCTE CaMOTO
TOTITHBA, NPHYEM OHHHUM U3 HHUX ABMIAETCSH MOLY/Ib YIIPYTOCTH TOMTHBA.
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7. MOII}’IH: YHPYTOCTH JH3€IbHOI0 TOIUIMBA IIOHHKACTCs C IIOBBIIIEHH-
EM TeMHEPAaTYPhI H IIOBBIMIACTCH C ITOBBIIICHHEM HAaBJICHHA.

SUPPLEMENTARY ACTIVITIES

1. Discuss the following problems:

1. Ways of improving the combustion process in diesel engines.

2. Ways of improving thermal efficiency and controlling pollutants
emitted in the bumed gases.

2. Match the following parts of the sentences:

1. The success of the combustion a.characteristics of the fuel injecti-

process depends on on systern.
2. Mixture formation is a complex b. the quality of the mixture formed
process involving in the chamber.

3. The quality of the mixture formed c. how the fuel is compressed and
in the chamber is determined by  on fuel itself.

4. The pressure developed in a fuel d. two-phase media.

compression system depends on  e. decreases with pressure.

5. One of the fuel properties f. is fuel bulk modulus.

6. Compressibility of some hydrocar-

bon fuel

Text B. Experimental Apparatus

There are at least two distinct methods of measuring the bulk modu-
lus of fluids: the P-¥-T method and the ultrasonic velocity method. In
the present study, the P-¥-7 method is used to measure diesel fuel bulk
modulus. A specially designed piston-plunger arrangement was used to
compress the fuel. The stainless steel cylinder is made of three pieces,
as shown in Fig. 6. The inside surface of the cylinder bore and the out-
side surface of the plunger are ground and lapped to prevent any leaka-
ge between the two surfaces. In addition, special seals made from hard
fiber are used to prevent any leakage out of the compression chamber.
Initially, a number of trial runs was made to determine the suitability of
various types of seals. Most of them were judged to be unsuitable, eit-
her because they failed at high pressures or they absorbed a small amo-
unt of fuel after a number of runs. Hard fiber material was judged to be
good to 180 MPa at temperatures as high as 60 °C.

The test fuel was compressed in the cylinder by the plunger which was
driven by a fast-acting hydraulic ram. In an actial high speed fuel injecti-
on system the rate of fuel compression can be as high as 40 MPa/ms, but
such high rates of compression could not be achieved in our experimental
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set-up which was limited to 600 MPa/s. Some experiments also were con-
ducted at lower compression rates to evaluate the effects of compression
rate on bulk modulus. A piezoelectric transducer, calibrated to 200 MPa,
was used to measure the instantaneous fuel pressure in the compression
chamber. Fig. 7 shows a typical pressure rise trace in the chamber.

Fig. 6. Experimental apparatus:
1 - compression chamber; 2 — plunger; 3 — fuel; 4 ~ pressure transducer; 5 — seals;
6 — displacement; 7 - hot/cold air ducts; § — hydraulic ram,

During experiments, either cold or warm air was blown on the cylin-
der-plunger system to maintain the required temperature. During com-
pression, the temperature rise of the fuel was judged to be within £1 °C,
In addition, measurements of pres-
sure drop in the compression cham-
ber were made after the fuel was
by compressed at pressures as high as
LN 70 MPa. These measurements indi-
cated that the pressure drop due to
20 MPa =11 cooling during the compression
process was negligible. Thus the
200ms ‘bulk modulus measured in these ex-
periments was evaluated under al-
most isothermal conditions.

Fig. 7. Rate of fuel pressure rise

Active words and word combinations

ultrasonic velocity method ynerpazsykoBoii merox (usmepenus cxo-
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Pocmu 36YKa 8 Moniuee)

piston-plunger nopuens-mnymxep

arrangement ycrpoiicteo

a cylinder bore BTy/Ka ¢ WMWIHHAPHYCCKUM OTBEPCTHEM
to grind (ground, ground) nonuposars

to lap npurHpars

leakage yreuxa

seal mpoxnagka

hard fiber Teepioe Bonokso

trial run ycosrranne

set up ycTaHoBKa '
piezoelectric [pai(i:zou,i(lektrik] transducer mwesoanexrpuueckwii
marauk (npeobpazosamens)

compression chamber nonocrs cxkarus

to calibrate Tapuposars.

trace rpadux (ocyunnozpamma)

isothermal conditions u3oTepMuyeckue ycrnosus
hydraulic ram runpassndeckuii CHIOBOR HUARHID

ms MC (MIJUTHCEKYHIA)

EXERCISES

1. Look through the text and describe in brief the P-F-T method of diesel fuel bulk
modulus measurement,

2. Complete the following sentences and translate them:

1. The P-V-T method was used to measure ... . 2, A piston-plunger
arrangement was used to ... . 3. The stainless steel cylinder was made of
... . 4. Special seals made of ... were used to ... . 5. A number of trial runs
were made to ... . 6. The test fuel was compressed in ... by ... which was
driven by ... . 7. A piezoelectric transducer was used to ... . 8. During ex-
periments, either cold or warm air was blown on ... to ... .

3. Find Passive Voice constructions in the text.

4, Insert the required predicates in Passive Voice.

Begining of sentence  [Predicate Final part of sentence

1. A piston-plunger arrange-{ ... |to compress the fuel.

ment . ... jof three pieces.

2. The stainless steel cylinder ... |in the cylinder by the plunger.
3. The test fuel ; ...  |onthe cylinder plunger system.
4. During experiments, eitherf ... |to measure diesel fuel bulk
cold or warm air ...  |modulus.

5. The P-V-T-method
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Text C. Experimental Results and Discussion

Isothermal fuel bulk modulus (K7) was calculated by measuring the pres-
sure rise and change in fuel volume during the compression process, This
was done by selecting various initial
pressures and various plunger dis-
placements (which gave measure of
fuel volume change) over a range of
pressures up to 150 MPa. The results
thus obtained are shown in Fig. 8 for
the three different fiiel temperatures
used in the study. For each fuel tem-
perature, measurements were made
at different ambient conditions (see
L2 Fig. 8). Fuel bulk modulus decreases
" 3 i ) Wlth temperatl}re increase, but also

Fuel pressure, MPa increases with fuel pressure

Fig. 8. Effects of pressure and temperature increase. The results show that the

on bulk modulus at 600 MPa/s compression; Pulk modulus at 150 MPa pressure
1 - results from Talbot (1935) at 7 °C; 2 — results can be 30 % higher than its corres-
o 929 0, e ponding vl af smosherc prs-

sure, depending on fuel temperature.

Fig. 8 also shows a comparison between the results of the present
study and those of an carlier investigation of adiabatic bulk modulus of
diesel oil. In calculating the isothermal bulk modulus (X7) from the adi-
abatic bulk modulus (X:), at fuel temperatures of 7 and 40 °C, a value of
( Y =1,2 was assumed. This value was based on the average values of
y for petroleum oils near room temperature. X is related to K. as:

K=K/ ig
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The bulk modulus is generally known to increase with an increase
in the specific gravity of fuel, but it is not clear why the two sets or cur-
ves tend to diverge at high pressures. Diesel fuels are not held to very
strict limits in composition and it is possible that the present grades of
diesel fuel are different than those used in the earlier study. This may
explain why the results of the present study at higher pressures do not
agree well with the earlier results.

Fig. 9 shows the effects of fuel compression rate on bulk modulus;
slightly lower values for bulk modulus were obtained when the com-
pression rate was decreased from 600 MPa/s to 50 MPa/s. Thus, in an
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20; actual diesel fuel injection
pump where a compression rate
as high as 40 MPa/ms someti-
mes 18 achieved, values of the
bulk moduli may be slightly
higher than those shown in Fig.
8 for a given fuel temperature.
P . In addition, depending on
‘ 4 725 750 the surrounding environmental
Fuel pressure, MPa temperature and the type of in-
Fig, 9.. Effects of compression on bulk modulus: jection system used, the fuel
1~ 600 MPa/s compression; 2 - 50 MPa/s  temperature can increase when
RREREeEHaT.: the pump is operated over a long
duration. For example, fuel temperature at the start may correspond to
ambient temperature but after the engine has been running for a period
of time the fuel temperature may be higher than at the beginning.

From the results obtained the following may be concluded:

At higher fuel pressure, bulk modulus increased almost monotoni-
cally with fuel pressure while at lower pressures a steeper slope of the
curve was obtained.

An increase in fuel temperature was found to lower the bulk modulus.

It also appears that bulk modulus depends somewhat on the rate at
which fuel is compressed, but this dependence is judged to be insignifi-
cant compared to the temperature and pressure effects.

it

P

-3

1% 1

Kxfe

#4

ACTIVE WORDS AND WORD COMBINATIONS:

isothermal fuel bulk modulus uzorepMuuecKuii MOIYNIL YRPYrOCTH
TOILIMBA

adiabatic fuel bulk modulus agnabaruaeckuii MOXYIL YIPYrOCTH TOM-
JvBa

fuel specific gravity ymensusiii sec Tormupa

displacement nepemenicnre

ambient conditions yciroBHs okpy:karomei cpempl

petroleum oils HeTsHBIE Macna

due to 6narogaps (vemy-1u60)

a grade of diesel fuel kagecTBo TU3eNEHOrO TOMIMBA

fuel compression rate cxopocts ckartis ToNIMBA

an effect pnuguue

steep slope of the curve kpyToit Hak/IOH KpHUBOMH

MPa/s MITa/c
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EXERCISES

1. Look through the text and try to explain how fuel bulk modulus varies with tem-
perature and pressure.

2. Answer the following questions:

1. In what way was isothermal fuel bulk modulus (KY) measured?
2. How does fuel bulk modulus depend on temperature and pressure?
3. What is the dependence of the bulk modulus on the fuel specific
gravity? 4. Why do the results of the present study at higher pressu-
res not agree well with the earlier results? 5. Why can the fuel tem-
perature increase when the pump is operated over a long duration? 6.
Under what conditions does the bulk modulus increase monotoni-
cally? 7. Under what conditions was a steeper slope of the curve ob-
tained?

3. Find three sentences with a Complex Subject construction in the text.

4. A. Translate the sentences into Russian:

1. The bulk modulus is generally known to increase with an increa-
se in specific gravity of fuel. 2. An increase in fuel temperatare was fo-
und to lower the bulk modulus. 3. This dependence is judged to be in-
significant.

B. Make up (in writing) your own sentences with the same (or similar) predicates.

SUPPLEMENTARY TEXTS

WHO WILL WIN THE FUTURE?

To tackle this guestion we would like to use a number of compara-
tive and partially simplifying observations to show what position Mer-
cedes Benz takes on this subject with reference to the direct injection
processes. The following comparisons are naturally based on comparab-
le parameters or refer to identical engine capacities. ‘

Gasoline versus Diesel Engine

Modern indirect injection diesel engines in the capacity class
(chosen for the sake of example) of 2.0 to 2.5 liters today have a fu-
el consumption measured in the relevant driving cycles which is bet-
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ween 10 and 15 % lower than their gasoline-powered competitors.
Direct injection diesel engines widen this gap by up to another 12 %.
In the current market situation this gives an economy advantage for
modern direct injection diesel engines of almost 25 % in individual
cases. The incorporation and modification of the common rail system
as a standard component will lead to the consolidation of the advan-
tages at this level.

If the gasoline engine is to close the gap on the diesel engine or even
overtake it (as some observers predict it will), then the new systems cur-
rently under development must make up these 25 %. The first series pro-
duction models of this new generation of gasoline engines with direct
injection have so far failed to come close to this target according to me-
asurements conducted at the New European Driving Cycle.

However, the latest data from research and series production deve-
lopments clearly show there are good reasons to expect suitable com-
bustion chamber modifications with high-pressure injection and approp-
riately adjusted ignition systems to lead to similar figures as those achi-
eved by a diesel in the map range that is most important in determining
fuel consumption.

If we examine how the energy flows of these two processes compa-
re at one point in the part throttle range we observe the following: the
fuel energy going into both processes (in this example 300 g/(kW-h)) is
utilized in different ways, but the useful work achieved is the same.

Calculation results demonstrate the following things:

Based on the practical limits of everyday use — specified by fuel qu-
alities, the achievable and the necessary cold start limits, noise quality
and material characteristics to be considered — it must be assumed that at
the currently achievable and required compression ratios ( € (for a direct
injection gasoline engine roughly 12.0 and for a diesel engine — 19.0) al-
most identical high-pressure efficiencies of 41.5 % may be achieved.
Theoretically there exists, however, a difference between the possible
optimum values for the gasoline engine at € = 14 and for the diesel en-
gine at & = 15 of almost 2 percentage points in the diesel engine’s fa-
vor due to its better combustion process. Further development efforts
are therefore necessary to unlock these & -potentials.

Without going into further detail, it is clear that the car diesel engi-
ne is not going to be supplanted by the gasoline engine. On the contrary,
the gasoline engine with direct injection will close up on the diesel en-
gine in that range which affects fuel consumption.

The acoustic qualities of the two processes will tend to become inc-
reasingly similar.
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Modern Fuels as a Basis for Engine Developments

Coordination within the worldwide operating petrochemical in-
dustry is a difficult task. Like in other industries, local, national and in-
ternational aspects are in constant conflict with each other, especially
where the cost issues in international operations play a decisive role.

On the other hand it cannot be ignored that where the subject of mo-
bility and its ability to meet the demands of the future is concerned the
legislator must, on the basis of sensible regulations, be in one boat to-
gether with the automobile industry and the petrochemical industry. The
automobile industry must also set out a clear policy on the introduction
of future high-quality fuels.

Following this line of argument, it appears natural that the automo-
bile industry shall be committed to making gasoline and diesel fuel the
priorities. These fuels must be available worldwide in a standardized
form and by virtue of their quality characteristics should contribute to
controlling air pollution. The improvement of fuels according to speci-
fic targets, with the engine manufacturers making their own proposals
on qualities and undesirable elements, will secure the development of
exhaust gas treatment systems which will be essential to the future of di-
rect injection engines.

The official standardization bodies (CEN, ISO or ASTM to name
just a few) can define the internationally required minimum quality
which must be used worldwide and meet the high quality standards of
engine developments. Mercedes Benz supports all necessary efforts for
better fuels and is, therefore, active in the ACEA and supports the
ACEA Fuel Charter, but expressly refrains from formulating its own
proposals for high-quality fuels.

The future of low-consumption engine technology with direct injec-
tion will crucially depend on having a fuel with as low a sulfur content
as possible.

Alternative Drive Systems

Alongside development work on conventional internal combustion
engines, the automobile industry is committed to investigating the capa-
bility of altemative drive systems to provide future solutions and deve-
loping them further as potential systems of the future. Mercedes Benz is
working in three areas with future market potential, although initially of
a limited scope.

Natural Gas as Engine Fuel. Running one of today’s gasoline en-
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gines on compressed natural gas (CNG) is mainly just a task of adapta-
tion requiring special attention to safety regulations. Up until now, tho-
ugh, due to uncertain conditions and the lack of an infrastructure cove-
ring all areas to supply the market with CNG it has not been possible to
seriously take on the apparent development risks.

Hydrogen as an Energy Carrier. Hydrogen could also be an ideal
energy carrier. Hydrogen is, however, not a direct energy source, but
only an energy carrier and this is a decisive disadvantage.

Hydrogen does not occur naturally as H2 but is mainly bound to
oxygen or carbon atoms, e.g. in water on in other hydrocarbons. To free
the hydrogen from these accompanying atoms requires an energy input.
Thus to use hydrogen requires the prior separation of hydrogen. A pro-
ven method for this purpose is electrolysis which, however, must cur-
rently be done using power from whatever gas mixture is available in re-
gion. Since the situation today and, it may be assumed, in the near futu-
re is such that not sufficient CO2-free power can be made available, it
is not possible to realize this system’s potential as an environmentally-
friendly technology.

However if this technology was to become attractive with sufficient
availability of hydrogen, engine manufacturers would have the neces-
sary technology package ready to provide the converted engines relati-
vely quickly.

A Future with the Fuel Cell. Finally we should not omit to point
out that there is a more attractive area of application for hydrogen:

This third alternative drive system is the fuel cell which with a cur-
rent efficiency of roughly 40 % is already on its way to becoming a
drive source which could possibly replace today’s internal combusti-
on engines over the medium and long term. Its use is more clearly pre-
dictable today and more likely in the coming decade than the predic-
tion of 10 years ago that electric cars would be in use by the end of the
nineties.

The progress of technology will determine which will be the pri-
mary energy source of the future. At present methanol is the favorite,
but it, like all other alternative fuels, would first need a distribution inf-
rastructure to be set up.

New Piston Pumps from Parker

When Parker Hannifin decided to develop its newest piston pumps
for mobile hydraulic applications, a global design was the key target.
And thanks to an innovative design process, the company believes its
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new P2 and P3 series piston pumps will be able to meet the needs of mo-
bile equipment manufacturers worldwide.

“Traditionally Parker America and Parker Europe were more like
two satellites operated under different management and the products
sold in various countries were basically manufactured there,” said Kjell
Jansson, vice-president.

“About two years ago when we decided to make the world’s best
piston pump line, we said: no more local products. From now on in the
hydraulics group, every product we make has got to be global.”

The design team spent the first year of development in the U.S. and
the following year in Europe,”so they were close to the product and sys-
tems engineering centers that were going to deal with this product later,”
Jansson explained.

The purps incorporate a range of features designed to provide high
performance and reduced noise in a wide range of mobile equipment
applications. Among the most innovative of these features is the additi-
on of a precompression or “ripple” chamber in the rear cover. The rip-
ple chamber is engineered to absorb the pressure spikes that occur when
the pump’s pistons act against the fluid. “Every time the piston pumps,
you get a pressure spike,” said Jansson. “That happens in all piston
pumps and it’s where a lot of noise is generated. With the ripple cham-
ber, part of that pressure spike is absorbed and doesn’t go out into the
system, which reduces the noise.”

Bo Lindblom, manager, product support, Hydraulic Group, Europe,
said that the noise reductions can be significant. “We reduce the pressu-
re spike by 10 to 50 percent,” he said. “That cuts down the hydraulic
«noise» being generated and sent out into the system”.

The P2/P3 series pumps also incorporate a rigid, cast iron housing,
which is engineered to reduce vibration and noise transmission.

The P3 pumps have the same features as the P2 units, with the ad-
dition of an impelier around the piston barrel.

Another key feature of the P2/P3 pumps is their compact size - 10.9
to 13.7 in. long, 6.9 to 8.9 in. wide and 10.4 to 12.9 in. high. Pump we-
ight ranges from 81 to 178 1b. “We were asked to have the envelope si-
ze small and we were able to succeed at that.”
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