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ABSTRACT

The specific output of diesel engines is increasing
continually through higher and higher degree of turbocharging.
Experimental investigations in the past have indicated the
feasibility of achieving very high specific outputs with high
boost pressures while controlling the peak pressures to a
level determined by the strength of the materials used. To
do this, measures like reduction of geometrical compression
rétio or use of Atkinson Cycle have been suggesteds These
measures, when adopted beyond a certain level, result in poor
starting and part load characteristics,; increased igni£ion
delays and general deterioration of the comBustion Prccess.
Fossible methods to remedy the situation are: use of variable
compression ratio, multiple introduction of fuel, and control-
ling timing and rate of dinjection 2tc. DNeedless to mention

that charge cooling is being invariably used tc augment the

gains of turbocharging at high boost pressurcs.

The present work aims at investigating through an
analytical approach, some of the aspects of high output opera-
tion using alternative modes as mentioned above. A brief re-—
view of various schemes suggested in the past alongwithvthe
associated problems and proposed remedics has been presented
with a view to identify more promising alternatives of

achieving high specific cutput, and to indicatc some of the

important aspects amenable to an analytical study using cycle



simulation.

To make a gencralised analysis possible and to keep it
tractable, main cmphasis in the present investigation has been
laid on the engine proper and the effects of turbocharger
matching etce. have been excluded by assuming equal inlet and
exhaust pressures under all conditions of operation. However,
variation of compressor characteristics, viz. boost pressure
ratio and efficiency, with engine load has been incorporated

in the analysis in a2 simplified manner.,

Simple Semi—empirical mocels suitable for system=oriented
studies have been selected for simulating the basic engine pro-
cesses. Combustion phasc has been represented by single zone
model, and to assess thermal loading of major engine components,
one=dimensional conduction heat transfer through component walls
is assumed. These models could be calibrated with casily obtain-
able experimental data. Further, the analysis has becn developed
to include the effect of special measurcs, vize variable comp-
ression ratio operation, Atkinson Cyclce Qperation, alternative

shapes of rate=of=-injection diagrams and pilot injectione

A computer program 'HODE' has been developed by synthesis-—
ing above models to obtain the performance characteristics of a
four stroke diescl engine under altrenative modes relevant to
high output operation. Whilc using this program for studying
the effect of alternative shapes of rate—of-injection diagrams

on high output performance, it was appreciated that a simple



fuel injection simulation model wculd also be useful ta iden-
tify what combination of fuel injection system parameters
resulted‘in a particular shape of rate—of—injectfon diagramse.
Consequently, a simple computer program 'FINJ!' has also been

written.to predict rate-of=-injection diagram from the given

geometrical data of fuel injection system.

For calibration of models used for predicting rate of
heat transfer rate of .heat reclease, engine friction, rate-of=-
injection diagram etc., experimental data has been obtained
on two test rigs, viz. Engine rig and fuel=-injection rig. Test
runs have been conducted on a four stroke, high speed, direct
injection, air-coolecd, automotive diesel engine uﬁder naturally
aspirated conditionse The fuel-injection rig has been used to
obtain rate~of-injection diagrams at various rack scttings and

specds.

The cycle simulation program has been used to cenduct
a systematic performance analysié of the effectiveness of
various alteinative measurecs adopted for achieving higher and
higher specific output levels, starting from the naturally

aspirated mode, cegGe

(a) Simple supercharging and supercharging with aftercool-
ing when applied to engine having normal compression
ratioc.

(b) Supercharging and aftoercooling with reduction in gco=-

metric compression ratice. ’



(c)

(d)

(e)

(£)

Supercharging and aftercooling with reduction in effec-
tive compression ratio through the variation of timings
of closure of inlet valve (as in Atkinson Cycle).
Supercnarging and aftercooling with variable compress=—
ioﬁ ratio operation.

Supercharging and aftercooling with low compression ratio
and altcrnative shapes ¢of rate-~of-injecction diagrams such
as 1sosccles triangle, trapczoidal, rectangular ctce.

Part load performance at low compression ratios using

pilct injcction.

Full load studies are conducted with certain sclected limi=-

ting valucs of peak cylinder pressure (viz. 105 and 135 kgf/cm2)

and air=fuel ratio (18.0) to give the maximum values of BMEP

obtainable for a particular mode. The part load studies with

alternative modes such as using low compression ratio, variable

compression ratio, pilot injection etc. give further insight into

the problem arcas of high specific output engines and the effec-

tiveness of scme of the remedial measures suggested to comb%t

these problems over tho complete load rangce. Typical investiga-

tions concerning ceffect of timing of injection and alternative

shapes of rate-cf-injection diagrams provide some appreciation

of the role of fuel injection characteristics in determining

satisfactory engine performancc. In addition, a few typical ?

C

) . : . . 3
results as obtained from the fuel injection simulation program

'"FINJ' have also been given.

=00=
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