Finally, Dr. Zudkevitch encouraged
all involved in the teaching of chemical
engineering to stress in their presentations
and contacts with students that the computer 1is
not always right and owing to bad input, or
programmed decision-making routine, it can quite

often provide wrong results.

PROF. C.A. NIETO DE CASTRO (University of Lisbon)
summarized the discussion by thanking all
participants and encourage them to spread all the
ideas presented among the academitians and
industrialists, hoping that the industry can
foresee the importance of thermophysical properties
for the design and operation of chemical plants
and that henceforth, can invest in the thermo-
physical properties research to a level much
bigger than the actual one. He finally stressed’
the importance of a good academic training of
chemists and chemical engineers, namely in the

area of tomputer aided design.

TP8/4
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THE NEED FOR NEW DEVELOPMENTS IN THERMODYNAMICS

Jorge C.G. Calado

Department of Chemical Engineering,

1096 Lisboa, PORTUGAL

and

School of Chemical Engineering, Cornell University,

N.Y. 14853, U.S.A.

A brief, historical survey of the
development of experimental thermodynamics, with
special focus on equilibrium properties, is
presented. The present situation where a growing
need for data coexists with a precarious diminution
of a capacity ﬁo measure the thermophysical
properties of fluids and their mixtures, in
Europe and in the U.S., is analyzed. Part of the
"out-of-fashion" attitude,
which

of the

problem seems to be an
hence the necessity of new developments
might stimulate the intellectual curiosity
younger generation of potential thermodynamicists.
which

combines concerted efforts in theory, experiment

A tripartite approach,

and computer simulation has already been proposed.
Strong emphasis should be given to the molecular
approach and visualizability of models  and

theories. This is particularly crucial to the

"forest" of equations-of-state, since more than
4 500 types and variations have been proposed in

the last twenty years The discriminating
factor should be their sound molecular basis,
derived from a better understanding of the
behaviour of matter at the microscopic level.

Model substances should be chosen to test different
equations and theories. Special attention is
given to the second generation of the van der
Waals -type equations, namely those of Deitérs,

BACK and Kohler, and how they fare with a simple

Instituto Superior Teécnico,

Ithaca,

.

substance like tetraW.

The link betwan these equations-of

-state and perturbation theory is stressed.

’¢~Some successful examples of how these theories

still possible in molecular thermodynamics,

deal with polarity or shape are presented.
Different properties respond
of

to
different parts of characteristics the
intermolecular potential, and a deeper knowledge
of this kind of influence can lead to the ‘
construction of better effective fluid potentials.
The emphasis on visualization,
is
of

also observed in the concept local

composition. The suitability of the square-well
model potential to this concept is analyzed.

The statistical basis for the combination rules

(one of the major vulnerabilities of any
statistical theory) is analyzed, and some new
promising developments are discussed. Finally,

continuum thermodynamics shows how predictions
can be made even for the most complex of systems
where neither the number of components nor their
nature is known.

Time, complexity and cost which
have plagned most of the sophisticated treatments
so far, will be conquered by the new supercomputers
already being developed. It is estimated that
within ten years we will have large scale

computing systems with a thousand times the power



of the present large scale systems, such as the
CRAY-1 or IBM-3081. The first industrial
revolution gave birth to thermodynamics; the
third industrial revolution will make it

exciting once again.

TRY)2
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INTEGRATED DESIGN OF PROCESSES AND SERVICE SYSTEMS
IMPROVING ENERGY, CAPITAL AND FLEXIBILITY

Bodo Linnhoff

U.M.I.5.T., U.K.

SYNOPSIS flexibility simultaneously.

Over the last five years or so, the .
concept of the "Network Pinch" has become quite
well-known in the chemical industry asinstrumental
in energy savings in the design of integrated heat
exchanger networks. Several international
companies reported improvements using the concept = A

such as -

- 507 plus energy cost reductions
= up to 257 capital cost reductions
- playback times in retrofit projects of up to

1 month (average: six months)

see for instance ref.(l) and ref.(2)

The lecture will present an
overview of the original concept.  Further, the
lecture will show how the concept has now been
extended to help tockling the task of désign of
entire chemical processes and production sites.
From reactor conversions, separator and recycle
arrangements right "inside" a process fhrough to
furnaces, steam levels and turbines in the site
services, a generalizing design procedure emerges
which enables the engineer to cofrecfly quanéify
end implement integration changes. Ref. 1. Linnhoff, B. and Turner, J.A. 'Heat-
Last, the lecture will discuss new -recovery networks: new insights yield

big savings', Chemical Engineering,
pp 56-70, Nov. 2 (1981).

Ref. 2. Linnhoff, B. and Vredeveld, D.R.,
flexible integrated structures (summer/winter, "Retrofit projects through process
synthesis", Paper N9 5f, AIChE Diamond
Jubilee Meeting, Washington, 30 Oct. -
to save energy, reduce capital cost and enhance 4 Nov., (1983).

concepts which help the engineer to deal with

capital cost minimisation and the task of finding

throughput, feedstock, etc.). It is now possible
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Report of the WORKSHOP ON THERMOPHYSICAL PROPERTIES
THEIR IMPACT ON TECHNOLOGICAL INOVATION

Prepared by C.A. Nieto de Castro and W.A. Wakeham

INTRODUCTION

The report summarizes the discussion

held on 17th April 1985

Thermophysical Properties on Technological

concerning the impact of

Inovation. By prior arrangement the subject had

been divided into three complementary topics,
namely: . The contribution of the theory of

Thermophysical Properties.for the Chemical

Industry; Experimental data, prediction correlation

- mutual interaction, with emphasis on special
fluids; Thermophysical Properties in the Chemical
Industry - their relevance, accuracy and effects

on equipment design. The structure of the

workshop was such that invited speakers contributed

short presentations on each subject which was
followed by a period of discussion and further
short communications on the subjects.

The present suﬁmary of the

proceedings of the workshop is an attempt to
represent the general content of the invited
contribution and the subsequent discussion. As

such it is not intended to be fully comprehensive

or to include all details. The authors have
tried to include the comments of all contributions

and any ommissions are their responsability.

‘the need for thermophysical properties

THE FORMAL PRESENTATIONS

PROF. K.C. CHAO (Purdue University) addressed the

topic of the contribution of the theory of
Thermophysical Properties for the Chemical
Industry. He concentrated his presentation on
the description of the equilibrium properties of
pure fluids and bihary mixtures by means of
equations of state. In particular he employed an
equation of state, derived from statistical
mechanics of chain mdlecules which was appropriate
for large and small molecules. It was applied
to nonpolar and slightly polar molecules. Many
examples were given of the sucess of this equation

of state procedure. For applications on smaller

computer installations a simplified cubic chain of
rotators equation of state was described which
although not quite as accurate, was nevertheless

quite useful.

DR. R. BURLEY (Hériot-Watt University) spoke of
‘ in
important industrial problems which he had
encountered‘which involved fluids under unusual

and sometimes extreme conditions. The first

- example concerned the coating of solid films with

a liquid in a process involving drawing the film

through the surface of a liquid. Dr. Burley

emphasized the high shear stresses in such a
process the fact that surface properties and
properties in their fluid layers under such

conditions were rarely known. These facts made
the modelling of the process extremely difficult.

The second example quoted by Dr. Burley involved



