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ABSTRACT

The present work consists of 1) development of an experimental facility
to study the thermal cracking of hydrocarbons at controlled conditions, and ii)
study of computational aspects of vapor-liquid equilibrium (VLE) calculations
for hydrocarbons and related compounds, which are cssential for the design and

operation of cracking plants for the production of olefins.

A tubular flow reactor, heated by fluidised bed combustor, was built to

study the thermal cracking of hydrocarbons. The reactor diameter was 10 mm

and length 2500 mm. A number of experiments were conducted with hexane

in the temperature range 660 - 780°C using steam as diluent. Hexane flow rate
was varied from 70 to 700 g/h. The hydrocarbons in the reaction products were
analysed by gas chromatography while hydrogen and oxides of carbon were analysed
by Orsat analysis. The observed conversions were compared with kinetic data

from i) tubular reactor, and ii) pulse microreactor published in literature,

With widely used cquation of state approach for VLE calculations of hydro-
carbon mixtures, there are certain computational difficulties such as trivial solutions,
false convergences etc. [t was shown that these problems exist for all types
of VLE caleulutions,  These were illustrated with three popularly used equations
of state t i) Starling-Han gencralised correlation (SHGC), i) Soave madification
of Redlich-Kwong equation (SRKE), and iii) Peng-Robinson equation (PRE). It
was shown that in phase boundary calculations, these problems are caused by
poor initial values of temperature/pressure while initial K values do not play
any important role. Empirical correlations were developed to calculate the ntial
estimates using true critical temperature and pressure.  Kreglewskt  and Kay

method was modified to unprove the prediction of true critical pressure,




I

In isothermal flash calculations, the relatuve importance of initial estimates
of K values and vapor fraction depends on the caleulation scheme.  In the scheme
with material balance equation in the inner loup, the success of convergence
depends on the initial K values.  With the material balunce equation in the outer
loop, the convergence s sensitive to initial vapor traction.  Poor estimate of

vapor fraction leads to a trivial solution,

Inaddition to trivial solutions, there are other computiational  problems
like lalse convergences and maximum and minmum o convergence curve. Algo-
rithms, for phase boundary and isothermal flash calculations, were proposed to

avoid these problems by using the following physical constraints 3

o Tor a given mixture, along, the phase houndary, vapor density is maxieim

and liquid density s mintmutm at the critneal point

n) vaporisation inereases with ncreasing temperature and decreasing pressure

m the normal regron and reverse o the retrograde region,

Pressure-temperature  envelopes  were caleulated  for several  hydrocarbon
mixtures, where experimental data are availuble, using the three models. The
predictions tor low pressure are nearly same from the three models. At high
pressures, the deviations with the SHGUC are larpe. For wide boding nuxtures
the SHGC fails to predict complete pressure -temperatuce envelope, The large
deviations between experimental and predicted dew-point loct, especially at low

pressures, were shown 1o be due to inherent experimental error.




CONTENTS

Certificate
Acknowledgements
Abstract
List of Figures
List of Tables
‘Nomenclature
CHAPTER | : INTRODUCTION
CHAPTER 2 : LITERATURE SURVEY
2.l Thermal Cracking
2.2 Vapor-Liquid Equilibrium tor Hydrocarbon Mixtures
CHAPTER 3 : EXPERIMENTAL : THERMAL CRACKING
3.0 LExperimental Set-up
3.2 Experimental Procedure
3.2.1 Operation of Cotibusto
3.2.2 Operation of Gl
3.2.3 Cracking
CHAPTER & : RESULTS AND DISCUSSION OF HEXANE CRACKING

4.1 Comparison of Experonental Observations with
Literature Data

4.2  Product Distribution

CHAPTER 5 : THERMODYNAMIC MODELS AND DATA USED FOR
VAPOR -LIQUID EQUILIBRITIM (VLE) CALCULATIONS

5.1 Starling-Han Generalised Correlation

5.2 Soave Equation

%3 Peng-Robinson Equation

Data Lised in the Mudels




CHAPTER 6 : VAPOR-LIQUID EQUILIBRIUM CALCULATIONS

6.  Phase Boundary Calculations

6.1.1 Analysis of Trivial Solutions in Phase
Boundary Calculations

6.1.1.1 Region Below Pseudacritical Point
6.1.1.2 Region Above Pseudocritical Point

Development of Correlations for
Initial Estimates

Other Computational Problems

Development of Algorithmi for Phase
Boundary Calculations

Phase Envelopes for Hydrocarbon Mixtures
6.1.5.1 Analysis of Phase Envelopes

6.1.9.2 Source of Error in Dew-Point
Loci Measurement

Flash Calculations
6.2.1 Summary of Computational Problems
6.2.2 Initial Estimates
6.2.3 Algorithm for Flash Caleulations
CHAPTER 7 : CONCLUSIONS
BIBLIOGRAPHY
COMPUTER PROGRAM




