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ABSTRACT

The prasant work was aimed st the development of detailsd
simulation models for fuel injection, combustion and gas exchange
processcs ;n a direct injection turbacharged angine. Thia need
for this work was particularly f~lt by tho author's brganisation
(Indian Railways) while embarking upon a grojact to develop a
highly ratad locomotive engine. An exhaustiﬁé,ravieu of the avai-
lable simulation tochniqum®s concerning various procas$ses has been
prasented to put into perspective the current state of devalopmant

as also to chalk out the strategy for the present investigation.

With a view to appraciate thz »ffect of various assumptions
and also to arrivo at a suitabls method of solution, two varsions
of tha fuel injection model, viz., FIN31‘and FINI2 were dovoloped.
In FINJ1, the aim was to koap the mod-1 relatively simple for
general applicatione. In this model, the cquations of unsteady flow
in tha high pressure pipe have beon solved by using the oxplicit
finite differencs method (Knight's scheme). The boundary equations
at tho pump and nozzle ends have beon solvoad by using the Newton-
Raphson and iterative mrthods. An attompt to calibrats  and vali-
date tho mod~1 has b=>n madn with tho help of trst deta obtained
by tha author as well as with information from other sources.
After ascertaining th~ validity of model, dotailed parémntric
studins w~r~ undmrtaken to predict the influ-nc2 of impor-

tant fuel injoction par=met=rs on the porformance of tha injaction



system. The madel 'includes the analysis of both pintle and orifice
type nozzle. 1In model FINJ2, an attempt has been made to refine
the analysis with a view to appreciate tﬁe effect of various
assumptions and also to develop alternative methads af solution.

In addition to the method of characteristics, Lax-Wendroff

two step and Leap-Frog schemes have been used to solve the unsteady
flow equations. The boundary equations have been salved by wusing
the iterative and Newton-ﬁaphson methods. A limited effort was

also made to assess the suitability of other methods like Predictor-
Corractor and Runge-Kutta methads for solving the boundary equations.
This model also takes into cansideratinn the effect of variation of
bulk modulus and density af fuel oil, cnnyective terms in the wun-
steady flow equations, and the variation of pressure in the feed

chamber.

For combustion calculations, the aim was to develop firstly
a simple combustion model which could be used for general perfor-
mance calculations and subseguently a more detailed madel to enable
apprecistion aof actual combustion process effects. Also, it was
envisaged that the model should be capable of being extended for
predicting emissions. Based on the burning laws proposed by
Whitehouse and lay, two madels, viz., single zone and two zone,
have been developed. The two zone model is suitable for a quiescent

type combustion chamber as the affect of swirl has been neglected.

The two zone madel has besen used to investigate thz effect

of a few relevant parameters like injection timings, duratian of



injection, number of orifice holes etc. Also, the predicted
results of the two zone model hava bsen compared with those aof the

single zone model. ’

The gas naxchang= model has been formulated for a single
cylinder engine with a straight exhaust pipe. In this model, both
the method of characteristics and Leap-~Frog finite difference
schemes have been used to solve the unsteady flow equations. While
using the method of characteristics, the unsteady flow equations
have been sulved in terms of A and U instead of the Reimann varia-
bles. The various boundaries investigated include gradually open-
ing valve, closed end, open end and nozzle. Thz boundary equatidns
have been solved by using both the iterative and Newton-Raphson
methods. For validation of tne models, a single cylinder tractor
engine was used to measure the transient pressures in the cylinder

and exhaust pipe.

An overall cycle calculation proéram to predict the perfor-
mance of the locomotive angine has been synthesised. In this pro-
gram simple analytical functiocns have be-n used to represent the
characteristics of compressor and turbine. The above program has
been used tao study some aspocts of the existing and uprated versions

af the turbocharged locomotive engine.
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