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ABSTRACT

WORKSHOP ON COMPUTER-BASED
MATHEMATICAL MODELLING OF ALUMINIUM
PRODUCTION PROCESSES

Posts: DP/IND/88/015/11-60 to 11-64 /313207

Global Objective:
The immediate objective of the workshop was to assist the Government of India in
setting up a functioning Aluminium Research, Development and Design Centre.

Specific Objectives’

- to present the siate-of-the-art in the field of mathematical
modelling as applied to the aluminium industry,

- to indicate ways as to apply these techniques to the
aluminium industry in India.

Duration:

August 23 - September 24, 1993. This includes:

August 23 - September 13 : preparation for the workshop
September 14-18 : workshop

September 20-24 : discussion with INARDDC personnel and report.

Conclusions and recommendations:

A review is given of the presentations of the four lecturers. The subjects debated at the
workshop included mathematical modelling of casting and anode baking fumaces,
modelling and simulation of aluminium electrolytic cells and general principles of
radiation and magnctohydrodynamics. In view of the possibilities oftered by the work
presented and considering the present status of the aluminium industry in India with
respect to mathematical modelling, it was concluded that serious efforts in this area
would be very beneficial. It is recommended that the Centre should concentrate first on
simple models that could help the plants in short term. Moreover, efforts should not be
made for the moment on developing the software; a more effective way would be to
purchase some ready-made specific purpose codes available. These are listed in the
Recommendations. INARDDC should seek collaboration with academic institutions in
the framework of joint University/Industry programs. In medium term, some basic
thermal and stress analysis package should be bought. In the long term, an
extrapolation of the needs leads to the conclusion that a more sophisticated fluid
dynamics software package will be necessary; it is indeed expected that design and
development problems will be addressed at that time.
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INTRODUCTION

This report was prepared jointly by the four experts who conducted the ‘Workshop on
Computer-Based Mathematical Modelling of Aluminium Production Processes: A.
Charette, S. Peter, V. Potocnik, L. Tikasz (positions DP/IND/88/015/11-60 to 11-63).
This workshop was held in Nagpur, India and was hosted by the Jawaharlal Nehru
Aluminium Research Development and Design Centre (JNARDDC). The workshop
itself lasted five days (14-18 September 1993; see Appendices V. and VI.) and was
followed by discussions with the INARDDC and the writing of the report (20-24
September 1993). Prior to the workshop, the experts devoted three weeks for the
preparation of the written and visual matenal. The written material was distributed to

every participant.

An evaluation of the workshop was made with the participants at the end of the
workshop. They seemed to be very satisfied and indeed they participated very actively
during the technical sessions.

The original and global objective of the project was to assist the Government of India
in setting up a functioning centre. This activity was part of several others that were
initiated by the INARDDC in order to promote the Centre.

The specific objectives of the workshop were:

- to present the state-of-the-art in the field of mathematical
modelling as applied to the primary aluminium industry,

- to indicate wayvs how to apply these techniques to the
aluminium industry in India.

All these objectives were met. No modification was made to the original program.

The workshop was attended by 41 participants of which 14 were from industry and the
rest from various research and academic institutions (see Appendix I1I). Their technical
level was very high and they were able to follow the course closely. The workshop was
very well organised by JNARDDC.

The second week of the assigninent (20-24 September), was devoted to discussions with
senior staff of the JNARDDC (Appendix II) in connection with the initiation of
mathematical modelling activities at the Centre. A consensus was reached and the
details are given in the Recommendations section. We were also shown the present
research facilities and equipment as well as the new research centre. still under
construction.




i. INDIVIDUAL ACTIVITIES

A. Modelling of casting furnaces

This part of the workshop was fuifilled by the team leader Andre Charette according to
the UNIDO Job Description DP/IND/88/015/11-63, Appendix I.

Four ninety-minute presentations were made on September 17 relative to the themes of
radiative heat transfer and mathematical modelling of the casting furnaces. The
emphasis was put on the physical interpretation of the otherwise complicated
mathematical formulation. Examples of applications to the industrial furnaces were
given. Numerous questions arose from the audience during the presentations, the
greatest interest being shown for the methods uced in radiative heat transfer and in the
one-dimensionai model of the melting/holding furnace. The latter model is meant to be
used for the anmalysis of the operation of the existing fumaces and has been proved
successful in improving industrial furnace performance.

The next day (September 18), a presentation was given on the research activities of
GRIPS at UQAC. This included a description of the mathematical model of the
calcining kiln and iin overview of the experimental facilities available (experimental
fumace, infrared camera, laser Doppler anemometer, etc.). This was foilowed by a
rapid presentation on the aluminium industry of Canada.

B. Mathematical modelling of anode baking furnaces

This part of the workshop was fulfilled by the team member Selvin Peter according to
the UNIDO Job Description DP/IND/88/015/11-62, Appendix 1.

Four ninety-minute presentations were given on the mathematical modelling of anode
baking furnacss. Two different models of the vertical baking furnace were introduced
in detail:
- two-dimensional model (2D +), which addresses the whole

furnace operation, and
- three-dimensional model (3D), which focuses on one

particular section of the furnace.

The two dimensional model which analyses the horizontal anode baking fumace
operation was passed in quick review. This mode! would be particularly useful for the
Indian aluminium industry that has this kind of furnaces only (at NALCO and
HINDALCO). Indced, the questions of the participaiats concerned with this aspect and
private conversations of the workshop staff members with the participants from one of




the plants showed that they would be interested in using such a model for the
improvement of the furnace performance, productivity and safety.

The capabilities of the models were demonstrated by presenting the model results and
the plant measurements. In addition, two cases were simulated to show one of the many
capabilities of the 2D+ model. The resuits were analyzed in detail. Other capabilities
of the model were examined and our expernience with the model and its applications to
industrial practice were discussed.

Comments were made on similarities and differences between horizontal ring furnaces
and the Riedhammer vertical turnace. It was emphasized that the basic principles
invoived in both furnaces were the same.

C. Mathematical modelling methodology
Qvenview of primary aluminiurm production processes
Three-dimensional thermo-elect-ic modelling of the cell

Maenetohvdrodynamic

This part of the workshop was fulfilled by the team member Vinko Potocnik according
to the UNIDO Job Description DP/IND/88/015/11-61, Appendix [.

At the beginning of the workshop on September 14, a one-hour overview of the
aluminium production processes and mathematical modelling methodology was given.
In the process overview, areas in which mathematical modelling is being done were
brought to light and some examples from the alumina production process. not covered
in the workshop, were aiso shown.

In the methodology session, emphasis was given on the importance of process
knowledge and of plant experience in support of modelling. Indeed, nowadays
industrial applications of mathematical modelling most otten use commercial, ready-
macde software packages in order to allow the user to concentrate on the process rather
than on software development.

On September 15, a one-hour presentation entitled "Three Dimensional Analysis of
Thermo-Electric and Mechanical Behavior of Aluminium Reduction Cells” was given.
Applications made at Alcan Aluminium Limited in the analvsis, design and start-up of
the reduction cells were shown and discussed.

On the same day, a four-hour presentation on magneto-hydrodynamics(MHD) of
aluminium electrolysis cells was given. The aim was to give a good undersianding of
the MHD phenomena, rather than elaborate on mathematical deuiis. Examples of
praciical applications and plant measurements were uiustrated. [t was explained how
the cz2ll operation can affect the MHD and thus decrease the cell persormance. A video-




tape animation of the calculated metal-bath interface waves was shown and was much
appreciated by the attendees.

In private conversations, some participants from industry indicated that they were
interested in looking into the busbar design of their potlines. They, however, did not
indicate in what way thiey wanted to address this issue. It is believed that they would
need some sort of mathematical model with the minimum capability of electrical
current calculations in the busbars to analyze the situation.

D. Simulation of an aluminium electrolytic cell

This part of the workshop was fulfilled by the team member Laszlo Tikasz according to
the UNIDO Job Description DP-IND-88-015-11-60, Appendix 1.

A six-hour presentation including live computer demonstration was given on September
14 and 15.

The topics discussed were arranged in the following order:
- Basic mass and energy balance calculations,

- Approximating sclected operation modes,

- Developing a control emulator,

- How to use the dynamic cell model.

Theoretical approach, steps of model construction and of model adaptation were
introduced and explained in detail. The capabilities of the model were demonstrated on
examples chosen from plant practice. In addition, live computer demonstration
completed the presentation, simulating typical operation modes of the cell. The
participants had access to the simulator to familiarize themselves with this kind of
research or training tools.

During the workshop, an educational version of the Dynamic Cell Simulator was
transferred to JNARDDC for fur ~ir7 and educational purposes. The software
package was accompanied by thrc. . ... User Guide, Setup Guide and Tutorial.
However, it should be emphasized that an exiended version of the cell simulator would
be needed for serious plant applications. This extended software package is
recommended for purchase by the INARDDC (see Recommendations).

Open discussions were arranged in the evenings and on the last day. Further operation
examples were given based on individual demand. Some additional software
demonstration was done for specific requested areas (data acquisition devices and
softwares, steady-state simulation tools, discrete event simulation package, etc.).




11. CONCLUSIONS

Our contacts with the participants, a review of some written information and
conversations with JNARDDC personnel lead us to the following conclusions:

I. Primary aluminium plants in India, more specifically in the arez of reduction and
casting, do not perform at the best of their specific technology. Particular concerns are |
related to poor energy efficiency and productivity. However, a considerable effort and ;
determination are present to improve the situation. A core of highly skilled personnel is
present in most plants, but it is not sufficiently strong to solve the existing problems.
The JNARDDC may be able to fill in the gaps. A combination of experimental and
modelling approach will be necessary to solve the plant problems.

1

As it stands now, poor performance of the smelters is acknowledged only by some

plants, mostly by BALCO, partly by NALCO (anode baking, current efficiency) and
INDAL (energy consumption) and hardly by HINDALCO (they think they are doing
fine).

JNARDDOC is well suited to help the plants, analyse the situation and recognize their
problems.

2. A significant part of cell operation problems arise from improper organization of
manpower and machinery. Thorough analysis of potroom activities are needed to
determine the resource allocation bottlenecks. INARDDC may be a partner in such
analysis probably jointly with an academic institution. Discrete event simulation
approach applied to plant operation is a provea way to increase plant productivity. A
typical commercial sof'ware package that is suiied for such an analysis is SIMAN from
Systems Modelling Corporation (USA).

3. Mathematical modelling applications in the reduction/casting area have been
virtually absent from Indian aluminium industry and to a very large extent from
academic institutions and research centres. The workshop succeeded in giving a clear
awareness to the participants of what can be done in this area to solve their proolems.
However, the development teams in industrial organizations are not strong enough to
underta e sutficient mathematical modelling activities individually except on smaller
problems. A concrete effort between industry, R&D centres and academic instiiutions,
including government support, is needed.

4. In short term, simple models that address the process or process equipment operation
are the most appropriate starting points in Indian aluminium industry. These models
will assist solving the probiems of immediate concern in relation to the plant
performance.

5. The contacts between industry and universities have been very scarce, but have a lnt
of potential for improvement.

Lo




6. The growth tow:rds the application and development of more sophisticated three-
dimensional mathematical models can be a fertile ground for university - research
centre - industry cooperation and can be adopted as a long term goal.

7. We examined the computer equipment that has been installed or is on order at
JNARDDC. In our opinion, this equipment is adequate for short-term mathematical
modelling activities at the Centre. Some basic supporting software has been installed,
but additional software has to be purchased, particularly for the PC-based environment
(see the list in Appendix IV).

8. All aluminium smelters in India use purchased electrolysis cell technology with very
different cell designs, electrical busbar arrangements, control systems and ce'l
operation practice. This will require specific model adaptation to each individual
technology, accompanied by experimental evaluation in each individual plant.

4 . g - g vl [ .
9. \\g were sl}(?wn the' exgggrﬂgggl_ equipment for the aralysis of e.ectfolysxs cell
operating conditions. We believe that the equipment and the data analysis software

accompanying it are sufficient at least in short term, but the software should be updated

regularly. T B I SEa

10. The sttt that will take care of the mathematical modelling at the centre (2 persons

for electrolysis, 2 for aluming) appears to be sufficient at the beginning for the
implementation of the purchased codes. However, the work load depends on the
request trom the plants. These four people should be headed by a senior person,
experienced in mathematical modelling.

I1. Cell magnetohydrodynamics (MHD) can be umproved by acting on the busbar
arrangement and by a good control of the cell. The former is locked into the original
design and can be changed to a limited extent (but sometimes quite beneficial!) by
busbar retrofitting. Whether this is worth to be done or not depends on economics and
on projected gains. Busbar retrofitting is a one time undertaking. The study related to
cell control indicates how to avoid trouble related to poor freeze prefile, sludge. anode
changing, etc. This again is a one time study for a given technology.

12. Mathematical modelling combined with plant experiments is preferable to the
physical modelling of the electrolysis process. The former is well suited for plant
- analysis. the latter would at best give some rather fundamental results— .,/ -

13. Coke calcination in India is not done within the aluminium plants, even though the
quality of the product (calcined coke) has a large bearing on the anode quality and
performance. It would be quite natural that the coke calcination be part of INARDDC
activity.




RECOMMENDATIONS

Short term (1-2 years)

1. INARDDC should help the plants to analyse their performance and to recognize in
which areas they have problems. This includes coke calcination plants. It should then
engage in assisting the plants to solve these problems.

2. IJNARDDC should not engage in the development of mathematical modelling
software, but should rather purchase a basic set of mathematical models that would
address immediate problems and concerns in Indian primary aluminium production
plants. The Centre should then use these models to assist the plants in solving their
problems according to the priorities established with industrial partners. This, of
course, would be accompanied by plant measurements carried out with the Research
Centre equipment. This approach will assure the right direction and save many years of
development, which would be otherwise required before INARDDC would be able to
serve industry effectively.

3. The models that would be most useful to start with are:

a) Electrolysis cell simulator,

b) Two-dimensional mode! of the horizonial anode baking
furnace,

¢) One-dimensional model of the melting/casting furnace,

d) One-dimensional model of the coke calcining kiln.

All these models are specifically designed to address plant operation and to analyze
relationships between the process parameters. These models were presented at the
workshop in a greater or smaller detail, and a lot of interest was shown for them by the
attendees from the plants. The conditions of the acquisition of these models by
JNARDDC will be specified in the near future. Contacts with the owners of the models
- Alcan Intemational Limited and UQAC - have already been made. The transfer of
these models to JNARDDC should include at least three-month user training per
model. This would assure appropriate transfer of modelling know-how from model
designers to model users. The model users should also spend at least one month/model
in an operating plant, in order to get familiar with the practical aspects of the process.

4. The computer working environment should be enhanced by additional commercial
software packages which will allow thic usage of the cell simulator. A list of these is
given in Appendix IV.

5. A magnetohydrodynamics (MHD) study or busbar retrofitting is a one time

undertaking for a given technology. If such a study is requested by a plant, it is
probably more economical to ask for it as a service from a company that has MHD




models, rather than to purchase the MHD programs. This is so even for m:d and long
term. However, a basic resistance network computer program would be raquired for
answering some questionrs about cell busbars that have already bean asked by the
plants. This program should be purchased in short term or built by INARDDC.

6. Attempts should be made to create partnerships industry / R&D cantres * academic
institutions. One sided effort may not succeed. A significant amount of goverment
support may be necessary at tnis stage.

7. A similar workshop in mathematical modelling for alumina production should be
organized by JNARDDC as soon as possible, since the situation in those p.ants seems
to be similar to what we have found out about the electrolysis plants.

Mid term (3-5 vears)

1. The basic models acquired in the short-term could be improved and extended in the
mid-term as industrial needs require. New projects in this area could also be started
This could be very well done by the cooperation between INARDDC, univarsities and
industry. Government sponsorship of such programs has proven to be very stimulating
for all partners involved. We can give the example of Canada, and specifically the
programs that led to the creation of the models quoted uncer the heading "Short term”
above. Some sophisticated three-dimensional models presented in the workshop were
also developed in such collaborative projects. These mathematical models ware buiit in
partnership between Alcan Aluminium Limited, UQAC and NSERC (Natural Sciences
and Engineering Research Council of Canada).

2. A basic three-dimensional finite element sottware package tor thermai and stress
analysis would be useful (e.g. ANSYS, NASTRAN, etc.). The need for such a package
wouid again be driven by industrial requirements, e.g. for the analysis and design of
the cathodes of aluminium reduction cells. The development of specific applications
could be done in cooperation with academic institutions.

3. It may be desirable to transfer some models directly to the plants after they will have
been set up and tested by INARDDC for the specific plants. This will depend on the
objectives of their usage selected by JNARDDC and the plants. The two models.
identified as #a and %c under "Short term” above, seem to be the most susceptible for
this transfer. 3 ol )

Long term (5-10 yeurs)
In this period, JNARDDC should be able to work on more compizx models which

include three-dimensional heat and mass transter in fluids and solids. These are
applicable to high-temperature furnaces such as remelt/casting furnaces. calsining kilns

l‘?




PN
and carbon’baking furnaces. At this stage, a general-purpose fluid dynamics software
package (e.g. PHOENICS, FLOW-3D, FLUENT etc.). should be acquired for the
analysis and design purposes. Specific applications could be again developed in
cooperation with academic institutions and industry.
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UNITED NMATIONS INDUSTRIAL DEVELOPMENT ORGANTZATION

JOB DESCRIPTION™’

DP/IND/88/015/11-60 -

Post Title: Expert in Aluminium Electrolysis Pruocess

Duration:

consisting of:

a) Alumina Production Research Department
b) Aluminium Blectrolysis Department
c) Analytical Research Department

d]} Ceneral Services, instrumentation and Cdnu'ol
Department (incl. Workshop and Maintenance)
e) General Administration and Finance Department

The Centxe will develop capapility of carrying out
the following main functions on behalf of and in
co-operation with the bauxite processing/alumina
production and aluminiuvm smelter industries in the

coontry:

a) Assimilaticn and adaptation of available

technologies

b) Providing recommendations and ad hoc or applied
and analytical research to local industries in
process improvement, transfer of technology, etc.

c) Setting up and operatinc a data bank

d) Providing txairing of Indian engineers

Pive experts (Position 11-60 to 11-64) are required
by the Jawaharlal Nehru Aluminium Research
Development and Design Centre Nagpur for organising
a Workshop on Mathematical ¥odelling of Aluminium
Electrolysis Cells and Processes. The Workshop is

) Applications and commmications regzrding this Job Descripcion

shoald be seuot to:

Pro ject Persommel Recruitment Section, Industrial Operations Division
UNIDO, Viesns Iaternsriooml Centre, P.0. Box 300, Viema/Aastria

2 weeks homebase, 2 weeks on site including travel
Date required: September/October 1993
Duty station: Homebase and travel to Nagpur, India

Purpose of
project: The immediate objective of the project is to assist
the Governnent of India in setting up a functioning

Aluminium Research, Developmpent and Design Centre
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expected to be held in Nagpur in September 1993
(preferably during the period Sept. 20-24). Pour
og these experts (11-60 to 11-63) would actually
visit Bagpur while the fifth one (11-64) is
andmedtake to finalise the detailc with UNTDO Vienna
o — care of organisational work preceding the
. Workshop.

The experts are required for conducting a five day
workshop in Nagpur India for participants from the
aluminivm industries, universities and R & D
instituotions. The following teatures form the
common requirements for all the positions:

= present theoretical developments involved, and
the methodology applied in the construction of the
models for the processes;

- pmeixt mathematical, algorithmic and numerical
developments involved and the methodology applied
in the constxruction of <tThe wmndels for the

processes;
-~ demonstrate *“he capabilities of the models on
the ko-? - o7 . or more typical imfustrial units.

- the study of operatiosnal or desigm

— gczesent the various possibilities for adaptation
(tuning) of tte models to specific applications or
mnits;

-~ prepare written cotes for circulation to tlhe
participants in the Workshop (this may form a2 part
of the pre~workshop activity to be carried out in
the home country of the experts).

The Workshop is expected to be of one week
duration. A set of 10 lectures, each of 90 minutes
duration are to be presented in the mornings
covering the four major areas and the afternoons
could be devoted to practical sessions/discussions.
In addition the experts are requested to spend two
or three more days for intensive discussion with
the industrial participants and the scientists from
the laboratories and academic ingtitutions for the
formulation of a progzamme for initiation of work
on mathematical modelling of interest to the Indian
aluminium industries.
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Details of topics to be covered are:

= indication of alumina balance and cell voltage
alteration for the examined period of time:

- _approximation of the process by sample
calculations for cell voltage components, alumina
balance, thermal balance and current efficiency:;

- fundapentals of programme for
development for checking the results igrm wark
rocutine, evaluating the planned alqorithm;

— construction of 3-D design models

Qualifications:

Oniversity degree (preferarly Ph.D.) in
Metajlurgical or Chemical Engineering with
extensive experience in the field of aluminium
production.

Lanquage requirerents: -

English

Backgroupd information:

The India. industry looks back to a
history of - “~e first alominium smelter
(izc Alumpars, - -. put into opezration in

1943. At present there are five alumina plants in
operation and six aluminium smelters with an
overall capacity of about 587,000 and 580,000
tonnes per year, respectively. These facilities
belong to five aluminium companies, namely Bharat
Aluninium Company Ltd. (Balco), Hindustan Aluminium
Corporation Ltd. (HINDALCO), the Indian Aluminium
Company Ltd. (INDAL), the Madras Aluminium Company
Ltd. (MALCO) and the National Aluminium Company
Ltd. (NALCO).

With the commissioning of NALCO the share of the
public sector ir aluminium smelting is more than
half of the total installed capacity of India.
This indicates the decisive influence of the public
sector on the future of the industry. The
sustained growth and development of the aluminium
industry in 1India, apart from requiring the
adoption of suitable long term policies in relation
to production managemeat, output, pricing, and
fiscal levies, is also in need for technology and
market development, which will gradually be handled
by the proposed Centre.

@oo4
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fiscal levies, is also in need for technology and
market development, which will gradually be handled
by the proposed Centce.

mnng the past years, India became one of the
leading countries in the world having substantial
bauxite resources, after the discovery of large
deposits in thr Eastern Coast in the nearly 1970s.
The total bauxite reserves of India are estimated
to be of the order of 2,650 million tonnes, which
Places India on the fifth place in the world list.

With the vast reserves of bauxite and coal in
India, the aluminium industry has ambitious plans
for a faster growth rate keeping in view the future
demand in the foundry and export potentials.

The existing alumina/aluminium plants in India are
based almost entirely on technology imported from
various sources. Eoth in the areas of production
of alumina and aluminium, a number of technological
improvements have taken place in advanced aluminiam
producing countries. Import of improvad technology
is not always possible, also its introduction is
not feasible in the existing plants. Import of
technoloqy necessitates proper assessments to
determine its sunitability under Indian conditions,
the available raw materials, product demands, state
of engineering davelopments, etc. Though research
and development work is being carried out by the
major aluminium producers in the country, these are
mainly directed towards solving their day to day
process problems in the plants. No work is dore
for the development of process know-how and basic

ing. The technologies followed in the
existing plants are from various
countries/suppliers - EKAISER, ALUTYRV-FKI, VAMI,
ALCAN, MONTECATINY and ALUMINIUM PECHINEY. Apart
from the strategic iwportance of bhaving an
indigenous Research, Development and Design Centre
for Aluminium, the cCentre is expected to save
substantial hard currency payments to the foreign

partners.

Por meeting the estimated demand of aluminium by
the turn of the century, substantial additional
capacities for alumina and aluminiua will bave to
be set up in the 1990s. Additional demand for
aluminium by the turn of tbe cemtury, which is in
excess of the currently available capacity woald be
of the order of 440,000 tonnes per annum.
Considering the payment for Xknow-how, basic

Qoos
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engineering and royalties for this additional
follow-up stage this would w~an an expenditure of
at least Us$ 9% million.

It is ta be pointed out that the cost for
Establishment of the Aluminium Centre in Nagpur
(both Indian Govermment and UNDP contribution) is
of the order of US$ 12.5 miZlion. The financing of
OPefntions and faxther develorment of the Centre is
envzsagedhythecomnttabasmthrouqha
collection of Rs. 100 per ton of aluminium for
aluminium research and development, added to the
prige of aluminium (estaklished now by the State in
India). The funds SO generated would serve as
financial basis for operation and further extension
of the Centre. :

When the pnew aluminium capacity will ke es*ablished
the Centre will be fully functioning and if it
contributes to savings of only ten per cent of the
expected expenditure for project engineering and
royalties, apart fros rendering other useful
services, its establisoment would be fully
Justified.

It is to be noted that all the leading aluminium
producing countries have their own R and D centres.
Close interactions among these Centres’ Research
and educational institations eand industry has
enabled numercus technological advances = this
example is needed to be folluwed in India.

In the light of the above, a cocordinated effort in
R and D will be eszential for the development of
know-how and basic engineering to self-reliance in
alumina and 2luminium technology needed for the
establishment of future plants without need to go
for foreign consultancy. Future development of
aluminiue industry in <thke country based on
indigenous expertise demands -~ thé immediate
establishment of a self-reliance full-fledged and
independent research, development and design centre
for aluminiua at the national level. ’

The development objective of tae project is to aim
at seif-reliance in alumina and aluminium
production technology and to achjeve faster growth
of the Indian aluminium industry to meet the
domestic demand for aluminium products. This goal
will be achieved by setting up of an Aluminium
Research, Development and Desion Centre at the
national level which will be in a pesition to carry
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out research “and development in the field of
baunxite processing, alumina and aluminium
production leading to improvement in the existing
plants and creating new production facilities.
Thus, the output of the project will be physical
facilities of an Aluminiut= Research Development and
Design Centre, adequately equipped with specialized
research and testing equipment and trained
professional staff to render research and
developaent technology in the existing plants ana
for setting up of rew alimina/aluminium production
facilities based on indigenous raw materials and
natural resources. .

In addition, the Centre will handle related
projects such as deaiing with the use of
by-products, design improvements for saving of
ene>gy and materials, development of new products
and alloys. another particular problez that the
Centre is expected to add-ess is emanating from the
lack of adequate and uniaterrupted power supplies
which has led to poor utilization of capacities in
the recent past. Investigations into energy saving
technologies of alumina and aluminium Eroduction
vill be one of the imporzant tasks that the Centre
will have to tackle.

It is expected that once the Centre is established
it will meet the fast grcwing technological service
needs of the aluminiim :industry in India. The
Centre will consist of t-e following departments:

- Alumina production resezzch departaent with four
laboratories and one pilsct plant:

- Aluminium electrolysis research department with
four laboratories:

- Analytical research Zepartment with three
laboratories:;

- General services, inst-umentations and control
department with four sec:tions;

- General adrinistration 2=d finance department with
three units.

The civil construction works Zor the Centre started in
Nagpur in 1990 and will be f:nished by 1992-1993. The
centre is planned to fully operate/function by 1994-1995.

‘fbe azsignment of the nationz’ staff and procurement of

@oo7




11708 93 12:17

00222 237292 UNIDO-FRAS

.

-7 -

equipment started in 1989-1990. The first R/D works have
started in 1991-1992. Training of the staff is being
carried out in India and a2broad.

For a more detailed information reference could be made
to the Project Docuzent and the Detailed Centre Design.
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rost Tizle:
Duratioan:

Date reguired:
Cuty Station:

Purpose of
project:

NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
JOB DESCRIPTION™'
pP/IND/88/015/11-63
Expert in Modelling of Casting Furnace
One month
September/October 1993

Homebase and travel to Nagpur, India

The immediate objective of the project is to assist
the Government of India in setting up a functioning
Aluminium Research, Development and Design Centre
consisting of:

a) Alumina Production Research Department

b) Aluminium Electrolysis Department

c) Analytical Research Department

d) General Services, instrumentation and Control
Department (incl. Workshop and Maintenance)

e) General Administration and Finance Department

The Centre will develop capability of carrying out
the following main functions on behalf of and in
co-operation with the bauxite processing/alumina
production and aluminium smelter industries in the
country:

a) Assimilation and adaptation of available
technologies

b) Providing recommendations and ad hoc or applied
and analytical research to 1local industries in
process improvement, transfer of technology, etc.
c) Setting up and operating a data bank

d) Providing training of Indian engineers

Five experts (Position 11-60 to 11-64) are required
by the Jawaharlal Nehru Aluminium Research
Development and Design Centre Nagpur for organising
a Workshop on Mathematical Modelling of Aluminium
Electrolysis Cells and Processes. The Workshop is

°) Applications and communications regarding this Job Description

should be sent to:

Pro ject Personnel Recruitment Section, Industrial Operations Division
UNIDO, Vicnna International Centre, P.0. Box 300, Vienna/Austria
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expecdted to be held in Nagpur in September 4993
(preferably during the perlcﬂ Sept. 20-24). Four
of these experts (11-60 to 1P-63) would actually
visit Nagpur while the fifth one (11-64) is
expected to finalise the details with UNIDO Vienna
and take care of organisational work preceding the
Workshop.

The experts are required for conducting a five day
workshop in Nagpur India for participants from the
aluminium industries, universities and R & D
institutions. The following features form the
common requirements for all the positions:

- present theoretical developments involved, and
the methodology applied in the construction of the
models for the processes;

- present mathematical, algorithmic and numerical
developments involved and the methodology applied
in the ccnstruction of the models for the
processes; -

- demonstrate the capabilities of the models on
the basis of one or more typical industrial units.
‘e are for the study of operational or design

- pres.,.. cne various possibilities for adaptation
(tuning) of the models to specific applications or
units:;

- prepare written notes for circulation to the
participants in the Workshop (this may form a part
of the pre-workshop activity to be carrled out in
the home country of the experts). )

The Workshop is expected to be of one week
duration. A set of 10 lectures, each of 90 minutes
duration are to be presented in the mornings
covering the four major areas and the afternoons
could be devoted to practical sessions/discussions.
In addition the experts are requested to spend .two
or three more days for intensive discussion with
the industrial participants and the scientists from
the laboratories and academic institutions for the
formulation of a programme for initiation of work
on mathematical modelling of interest to the Indian
aluminium industries.
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Duties: Demonstration of the capabilities of the model by
presenting and analysing the results obtained from
the simulation of a typical rectanqular shaped
tiltinc furnace and offer comments on similarities
and differences between the furnaces available in
Indian companies and those modelled by the expert.

‘Qualifications:

University degree (preferably Ph.D.) in
Metallurgical or Chenical Engineering with
extensive experience in the field of aluminium
productions.
Language requirements:
English
Background information:

The Indian aluminium industry looks. back ,to: a
mstory of 44 years. 'rne first ,,almnniun smelterg- : f:.. )

1943. At present there are - ﬁ.ve a].\mi.naafplants ¥in’ f,:. o,
_ operztioyy and six aluminium * smelters with “an
T e iiedoerie Sei - - overall - capacity~of = about«nsa'h,'ooo:ﬁandﬂsao,oo.owm..;
toniios per year, respec‘.:ively’.m‘rh'e‘s"e’facil’ities"'?'"“"'
belcug to five aluminiun companies, rnamely . Bharat..
Alunjinium Company Ltd. (.alco) s~Hindustan Aluminium-:
Corporsi-ion Ltd. (HINDALCO), the Indian -Aluminium :
Company Ltd. .(INDAL), the Madras .Aluninium COnpany,, .
Ltd. (I.ALCO) and the national —Aluninmnz_mnpany. aw.
Ltd. (NALCO). R *‘J.ﬂ?‘.ﬁ’:-r.:;t_ g e

With the commissioning of NALCO | the share ‘of x-the' R
public sector in aluminium smelting is more than

half cf the total installed capacity of India.

This indicates the decisive influence of the public
sector on the future of the - industry. The
sustained growth and developnentmf “the~aluminium .- : - -
industry in 1India, -apart from.irequiring::the .:.. .
adoption of suitable long term’ policies in relation
to production managenment, output, «:pricing, ::and ' .
fiscal levies, is also in need -for: technology and "
markct dcvelopnment, which will gradually be handled

by the proposed Centre.

During the past years, India became one of the
leading countries in tte world having substantial
bauxite resources, after the discovery of large
deposits in the Eastern Coast in the nearly 1970s.
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THe total bauxitc reserves of India are estimated
to be of the ordcr of 2,650 million tonnes, which
places India on the fifth place in the worlq list.

With the vast ircserves qf bauxite gnd c¢oal in
India, the aluminium industry has ambitious plans
§or a faster grouih rate keeping in view the future
demand in the foundry and export potentials.

The existing alu:ina/aluminium plants in India are
based almost euiirely on technology imported from
various sources. Both in the areas of production
of alumina and sluminium, a number of technological
improvements havc taken place in advanced aluminium
producing countiries. Import of improved technology
is not always pocsible, also its introduction is
not feasible i1 the existing plants. Import of -
technology neccssitates proper assessments to
determine its suitability under Indian conditions,
the available rav materials, product demands, state- .
of engineerino :‘cvelopments, etc. . Though research: ...
and developmeui work :is bemg carried out by .the .::..
.major aluminius producers in.the. country,;-these -are
mainly “directed towards ‘solving’ thelr*day‘_to day~ ,~—_.
process-‘probleiic -in the plants. ‘a¥No :work is.done
for the develomicni of process know-how and basic -
Aiadi = L Azeingascie. engineering s e &technologiesisfollowed #in.;itheSivs s i
' o existifig- " "Llcnts™~ are™ from<wvarious« -~
countries/suppl!icrs - . KAISER, ALUTERV-FKI, VAMI,
ALCAN, MONTECL'L)RL.- and ALUMINIUM. PBCHINEY. Apart
from the::'sty utchc importance :~of - having -
indigenous -Rec¢c: '"ch, Development.and Design. Centte RE
. for-*Aluminium, ilie’ Centre: ‘.is\-nexpected £0 ~save it .-
T f(substantial .hai a currency paynenti.,.a:o ,.the wxorexgn Vil
partners. - v;._"_ PRI 4‘4“‘1}"? ‘ o

For meeting Ll:c es unated demand of alummium by
the turn of {liec century, substantial additional
capacities for alumina and aluminium will have to
be set up in the 1990s.- Additional demand for
aluminium by (lie turn-of the-:century, which is-in .
excess ot the ¢orrently available: capacity would be .
of the ~ordcr of '*440,000 'i’-’tonnes “per ‘-annum. - '
Considering ' tlic paynent Jrtcn: :-know-how, .. basic
engineering and royalties” for “i“this additional

s
!'-l' '5: L
.07 g

follow-up st:o.c: (his would mean 'an expenlliture of
at least US$ ¢¢ ..xllionm. T

It is to v ointed out that the cost for
Establishment ..: the Aluminium Centre in Nagpur

(both Indian’' Government and UNDP contribution) is
of the ordey -/ ''$$ 12.5 million. ' The financing of

43
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operations and further development of the Centre is
envisaged by the Government to be secured ‘through a
collection of Rs.. 100 per ton of aluminium for
aluminium research and development, added to the
price of'aluminium (established now by the State in
India,. The funds so generated would serve as
f1nanc1a1 basis for operatlon and further xtension
of the Centre.

Wher. e new aIuninium capacity will be established
the Cz=ntre will be fully functioning and if it
contributes to savings of only ten per cent of the
expocted expenditure for project engineering and
roya. :ies, apart from rendering other useful
services, its establishment would be fully
justified.

It is to be noted that all the leading aluminium
producing countries have their own R and D centres.
Close interactions among these Centres’ Research
and <ducational institutions and industry has
enabi=d numerous technological advances - this
example is needed to be followed in India.

In the light of the above, a coordinated effort in
R me D will be essential for the development of
khacw-hwy and basic engineering to self-reliance in
alumirna and aluminium technology needed for the
establishment of future plants withcut need to go
for foreign consultancy. Future development of
alumirium industry in the country based on
indigenous expertise demands the immediate
estatlishment of a self-reliance full-fledged and
independent research, development and design centte
for aluminium at the national level. ‘

The development objective of the project is to aim
at self-reliance in alumina and aluminium
production technology and.to achieve faster growth
of the Indian aluminium industry to meet the
domectic demand for aluminium products. This goal
will be achieved by setting up of an Aluminium
Research, Development and Design Centre at the
natic:al level which will be in a position to carry
out research and development in the field of
bau..:te  processing, alumina and aluminium
production leading to improvement in the existing
plants and creating new production facilities.
Thus. the output of the project will be physical
fac._ities of an Aluminium Research Development and
Design Centre, adequately equipped with specialized
research and testing equipment and trained
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professional staff to render research and
development technology in the existing plants and
for setting up of new alumina/aluminium production
facilities based on indigeflous raw materials and
natural resources.

In addition, the Centre will handle related
projects such as dealing with the wuse of
by-products, desigh improveaments for saving of
energy and materials, development of new products
and alloys. Another particular problem that the
Centre is expected to address is emanating from the
lack of adequate and uninterrupted power supplies
which has led to poor utilization of capacities in .
the recent past. Investigations into energy saving
technologies of alumina and aluminium production
will be one of the important tasks that the Centre
will have to tackle. .

It is expected that once the Centre is established
it will meet the fast growing technological service
needs of the aluminium industry in India. The
Centre will consist of the following departnents. o

- Alumina production research departnent \uth four
laboratories and one pilot plant;
e b ca Smmtrpr o~ s crpme + — et Aau‘at««‘h&ahh&-s o

- 'Alum.nmn electrolys:.s res-arch department - with -
four laboratories:;

- Analytical research department with  three
laboratories;

- General services, instrumentations and. control w
department with four sections; - .-~ - . . - _;_:. -

- General administration and £ inanée 'depaft':méﬁt with
three units.

The civil construction works for the Centre started in
k'acnur in 2990 and will be finished by 1992-1993. The
cu..xre is planned to fully operate/function by 1994-1995.

.c assignment of the national staff and procurenent ot
equipment started in 1989-1990. The first R/D works have
sarted ifr 1991-1992. Training of the staff is being
carried out in India and abroad.

7 .- & more detailed information tr~7:rence could be made
“: the Project Document and the Detailed Centre Design.

4




UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
JOB DESCRIPTION"
DP/IND/88/015/11-62
Post Title: Expert in Modelling of Anode Baking Furnace
Du;'ation: One month --
Date required: September/October 1993
Duty Station: Homebase and travel to Nagpur, India

Purpose of '
project: The immediate objective of the project is to assist
the Government of India in setting up a functioning
Aluminiur Research, Development and Design Centre
consisting of:

a) Alumina Production Research Department

b) Aluminium Electrolysis Department

c) Analytical Research Department

d) General Services, instrumentation and Control
Department (incl. Workshop and Maintenance)

e) General Administration and Finance Department

The Centre will develop capability of carrying out
the fcllowing main functions on behalf of and in
co-operation with the bauxite processing/alumina
production and aluminium smelter industries in the
country:

a) Assimilation and adaptation of available
technologies

b) Providing recommendations and ad hoc or applied
and analytical research to local industries in
process improvement, transfer of technology, etc.
c) Setting up and operating a data bank

d) Providing training of Indian engineers

Five experts (Position 11-60 to 11-64) are required
by the Jawaharlal Nehru Aluminium Research
Development and Design Centre Nagpur for organising
a Workshop on Mathematical Modelling of Aluminiunm
Blectrolysis Cells and Processes. The Workshop is

) Applications and communications regarding chis Job Description
should be sent co:
Pro ject Personnel Recruitment Section, Industrial Operations Division
UNIDO, Vienna International Centre, P.O. Box 300, Vienna/Austria
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expected to be held in Nagpur ig September 1993
(preferably during the period Sept. 20-24). Four
of these experts (11-60 to 11-63) would actually
visit Nagpur while the fifth one (11-64) is
expected to finalise the details with UNIDO Vienna
and take care of organisational work preceding the
Workshop.

The experts are required for eonducting a five day
workshop in Nagpur India for participants from the
aluminium industries, universities and R & D
institutions. The following features form the
common requirements for all the positions:

- present theoretical developments involved, and
the methodology applied in the construction of the
models for the processes;

- present mathematical, algorithmic and numerical
developments involved and the methodology applied
in the construction of the wmodels for the
processes;

- demonstrate the capabilities of the models on
the basis of one or more typical industrial units.
These are for the study of operational or design
problenms;

- present the various possibilities for adaptation
(tuning) of the models to specific applications or
units;

- prepare written notes for circulation to the
participants in the Workshop (this may form a part
of the pre-workshop activity to be carried out in
the home country of the experts).

The Workshop is expected to be of one week
duration. A set of 10 lectures, each of 90 minutes
duration are to be presented in the wmornings
covering the four major areas and the afternoons
could be devoted to practical sessions/discussions.
In addition the experts are requested to spend two
or three more days for intensive disctssion with
the industrial participants and the scientists from
the laboratories and academic institutions for the
fommulation of a programme for initjation of work
on mathematical modelling of interest to the Indian
aluwinium industries. '




Duties: The expert is expected to demonstrate the
capability of the model by presenting and analysing
the results of various simulations made on a
typical RIEINIZMMER furnace and also offer comments
on similaritiecs and differences between furnaces
available in the Indian companies and those on
which modcl:. have been developed by the expert.

Qualifications:

University degree (preferably Ph.D.) in
Metallurgical or Chemical Engineering with
extensive exjerience in the field of aluminium
production.

Language requireaments:
English
Background information:

The Indian aluminium industry looks back to a
history of 44 years. The first aluminium smelter
(in Alumpars, Kerala) was put into operation in
1943. At prcsent there are five alumina plants in
operation «1yd six aluminium smelters with an
overall (:.jpacity of about 587,000 and 389,900
tonnes per year, respectively. These facilities
belong o iive aluminium companies, namely 3harat
Aluminium Company Ltd. (Balco), Hindustan Aluminium
Corporat’ »n ld. (BHINDALCO), the Indian Aluminium
Company Li:l, (INDAL), the Madras Aluminium Company
Ltd. (MAJCO) and the National Aluminium Company
Ltd. (NALCO)}.

With the commissioning of NALCO the share of the
public sector in aluminiun smelting is more than
half of the total installed capacity of 1India.
This indicai es the decisive influence of the public
sector on the future of the industry. The
sustained yrcowth and development of the 2luminium
industry in 1India, apart from requiring the
adoption o7 ) uitable long term policies in relation
to produciuion management, output, pricing, and
fiscal Jevi.z, is also in need for technology and
market devel.pment, which will gradually be handled
by the proposed Centre.

During the past years, India became one of the
leading countries in the world having substantial
bauxite resources, after the discovery of large




deposits in the Easte.u (Coast in the nearly 1970s.
The total bauxite re:t.c»ves of India aré estimated
to be of the order oi 2,650 million tonnes, which
places India on the fifth place in the world list.

With the vast reserves of bauxite and coal in
India, the aluminium i:dustry has ambitious plans
for a faster growth r=tc keeping jn view the future
demand in the foundry :-nd export potentials.

The existing alumina, ::Juwminium plants in India are
based almost entirely ¢n technology imported from
various sources. Bcili in the areas of production
of alumina and alumin:vw, a number of technological
improvements have taken place in advanced aluminium
producing countries. Import of improved technology
is not always possibiic¢, also its introduction is
not feasible in the c¢ixisting plants. Import of
technology necessitaic(s proper assessments to
determine its suitabiliiy under Indian conditions,
the available raw mat:»*:i:ls, product demands, state
of engineering develyj.-cnts, etc. Though research
and development worl is being carried out by the
major aluminium producers in the country, these are
mainly directed toward: solving their day to day
process problems in {lic plants. No work is done

for the development Y process know-how and basic
engineering. The .cuhnologies followed in the
existing plant-~ are from various
countries/suppliers - RAISER, ALUTERV-FKI, VAMI,

ALCAN, MONTECATINI /¢ ZLUMINIUM PECHINEY. Apart
from the strategic iuportance of having an
indigenous Researcl, u:vclopment and Design Centre
for Aluminium, the Ccntre is expected to save
substantial hard cw:chucy payments to the foreign
partners.

For meeting the estiwiied demand of aluminium by
the turn of the centvwmy, substantial additional
capacities for alumi: ¢ and aluminium will have to
be set up in the ¢~ (::, Additional .demand for
aluminium by the tw: -»3 the century, which is in
excess of the currenf !y :vailable capacity would be
of the order of +40,000 tonnes per annum.
Considering the pavmcnt for know-how, basic
engineering and roy. ‘ovs for this additional
follow-up stage thi:- ..1'ld mean an expenditure of
at least US$S 95 mili. ...

It is to be poin. - out that the cost for
Establishment of the sluminium Centre in Nagpur
(both Indian Governu i and UNDP contribution) is
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of the order of USS 12.5 million. The financing of -

operations and further development of the Centre is
envisaged by the Government tc be secured through a
collection of Rs. 100 per ton of aluminium for
aluminium research and develiopment, added to the
price of aluminium (established now by the State in
India). The funds so generated would serve as
financial basis for operation and further extension
of the Centre.

When the new aluminium capaciicy will be established
the Centre will be fully functioning and if it
contributes to savings of only ten per cent of the
expected expenditure for project engineering and
royalties, apart from rendering other useful
services, its establishment would be fully
justified.

It is to be noted that all the leading aluminium
producing countries have their own R and D centres.
Close interactions among thewe Centres’ Research
and educational institutions and industry has
enabled numerous technological advances - this
example is needed to be followed in India.

In the light of the above, a ccordinated effort in
R and D will be essential for the development of
know-how and kasic engineerinn ¢ self-reliance in
alumina and aluminium technology needed for the
establishment of ftture plants without need to go
for foreign consultancy. Future development of
aluminium industry in the country based on
indigenous expertise demands the immediate
establishment of a self-reliance full-fledged and
independent research, development and design centre
for aluminium at the national level.

The development obiective of the project is to aim
at self-reliance in alumina and aluminium
production technology and to achieve faster growth
of the Indian aluminium industry to meet <¢he
domestic demand for aluminium products. This goal
will be achieved by setting up of an Aluminium
Research, Development and Design Centre at the
national level which will be in a position to carry
out research and development in the field oZ
bauxite processing, alumina and aluminiun
production leading to improvement in the existing
plants and creating new precduction facilities.
Thus, the output cf the project will be physical
facilities of an Aluminium Research Development and
Design Centre, adecuately equipped with specialized
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redearch and t=2sting equipment and trained
professiorial staff to render research and
development techr~logy in the existing plants and
for setting up of new alumina/aluminium production
facilities based on indigenous raw materials and
natugal resources.

In addition, the Centre will handle related
projects such as dealing with the use of
by-products, design imprnvements for saving of
energy and materials, development of new products
and alloys. Another particular problem that the
Centre is expected to address is emanating from the
lack of adequate and uninterrupted power supplies
which has led to poor utilization of capacities in
the recent past. Investigations into energy saving
technologies of zlumina and aluminium production
will be one of the important tasks that the Centre
will have to tackle.

It is expected that once the Centre is established
it will meet thc fast growing technological service
needs of the aluminium industry in India. The
Centre will consist of the following departments:

- Alumina production research department with four
laboratories and one pilot plant;

- Aluminium electrolysis research department with
four laboratories:

- Analytical research department with three
laboratories;

- General services, instrumentations and control
department with fcur sections:;

- General admini:tration and finance department with
three units.

The civil construction vorks for the Centre started in
Nagpur in 1990 and .. be finished by 1992-1993. The
centre is planned to “ully operate/function by 1994-1995.

The assignment of tlic national staff and procurement of
equipment started in :0#9-1990. The first R/D works have
started jn 1991-199. . vraining of the staff is Leing
carried out in Jmdic and abroad.

For a more detailed . .'formation reference could be nfade
to the Project Docunuiii and the Detailed Centre Design.
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UNITED NATIONS INDUSTRIAL DEVEAOPMENT ORGANIZATION
JOB DESCRIPTION™’

DP/IND/88/015/11-61

Post Title: Expert in Modelling of Aluminium Electrolysis Ceii
Construction
Juration: One month

Date required: September 1993
Duty Station: Homebase and travel to Nagpur, India

Purpose of

project: The immediate objective of the project is to assist
the Government of India in setting up a functioning
Aluminium Research, Development and Design Centre
consisting of:

a) Alumina Production Research Department

b) Aluminium Electrolysis Department

c) Analytical Research Department

d) General Services, instrumentation and Controi
Department (incl. Workshop and Maintenance)

e) General Administration and Finance Department

The Centre will develop capability of carrying ou:
the following main functions on behalf of and in
co-operation with the bauxite processing/alumina
production and aluminium smelter industries in the
country:

a) Assimilation and adaptation of available
technologies

b) Providing recommendations and ad hoc or applied
and analytical research to local industries in
process improvement, transfer of technology, etc.
c) Setting up and operating a data bank

d) Providing training of Indian engineers

Five experts (Position 11-60 to 11-64) are required
by the Jawaharlal Nehru "Aluminium Researca
Development and Design Centre Nagpur for organising
a Workshop on Mathematical Modelling of Aluminiuz

*) Applications and communications regardigg this Job Descriptiou
should be sent to:
Pro ject Personnel Recruitment Section., Indusctrial Operacions Division
UNIDO, Viemma International Centre, P.0. Box 300, Viemns/Austria
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Electrolysis Cells and Processes. The Workshop is
expected to be held 1in Nagpur in September 1993
(preferably during the period Sept. 20-24). Four
of these experts (11-60 to 11-63) would actually
visit Nagpur while the fifth one (11-64) is
expected to finalise the details with UNIDO Vienna
and take care of organisational work preceding the
Workshop.

The experts are required for conducting a five day
workshop in Nagpur India for participants from the
aluminium industries, universities and R & D
institutions. The following features form the
common requirements for all the positions:

- present theoretical develcpments involved, and
the methodology applied in the construction of the
models for the processes;

- present mathematical, algorithmic and numerical
developments involved and the methodology applied
in the construction of the models for the
processes;

- demonstrate the capabilities of the models on
the basis of one or more typical industrial units.
These are for the study of operational or design
problems;

- present the various possibilities for adaptation
(tuning) of the models to specific applications or
units;

- prepare written notes for circulation to the
participants in the Workshop (this may form a part
of the pre-workshop activity to be carried out in
the home country of the experts).

The Workshop is expected to be of one week
duration. A set of 10 lectures, each of 90 minutes
duration are to be presented in the mnornings
covering the four major areas and the afternoons
could be devoted to practical sessions/discussions.
In addition the experts are requested to spend two
or three more days for intensive discussion with
the industrial partiéipants and the scientists fron
the laboratories and acacdemic institutions for the
formulation of a programrme for initiation of work
on mathematical modelling of interest to the Indian
aluminium industries.




Duties: - evaluation of wmagnetic field components,
determination of metal and bath velocities,
distortion of metal surface, demonstration of
potential distribution; examples of practical model
applications to different cells designs and
technologies operating with different electric
currents should be given. The expert is expected
to offer quantitative comments about the MHD of
Indian smelters.

Qualifications:

University degree (preferably Ph.D.) in
Metallurgical or Chenmical Engineering with
extensive experience in the field of aluminium
production.

Language requirements:
English
Background information:

The Indian aluminium industry looks back to a
history of 44 years. The first aluminium smelter
(in Alumpars, Kerala) was put into operation in
1943. At present there are five alumina plants in
operation and six aluminium smelters with an
overall capacity of about 587,000 and 580,000

- tonnes per year, respectively. These facilities
belong to five aluminium companies, namely Bharat
Aluminium Company Ltd. (Balco), Hindustan Aluminium
Corporation Ltd. (HINDALCO), the Indian Aluminium
Company Ltd. (INDAL), the Madras Aluminium Company
Ltd. (MALCO) and the National Aluminium Company
Ltd. (NALCO).

With the commissioning of NALCO the share of the
public sector in aluminium smelting is more than
halt nf the total installed capacity of India.
This indicates the decisive influence of the public
sector on the future of the industry. The
sustained growth and development of the aluminium
industry in 1India, apart from requiring the
adoption of suitable long term policies in relation
to production management, output, pricing, and
fiscal levies, is also in need for technology and
market development, which will gradually be handled
by the proposed Centre.
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During the past years, India became one of the
leading countries in the world having substantial
bauxite resources, after the discovery of 1large
depgsits in the Eastern Coast in the nearly 1970s.
The total bauxIte reserves of India are estimated
to be of the order of 2,450 million tonnes, which
places India on the fifth place in the world list.

With the vast reserves of bayxite and coal in
India, the aluminium industry has ambitious plans
for a faster growth rate keeping in view the future
demand in the foundry and export potentials.

The existing alumina/aluminium plants in India are
based almost entirely on technology imported from
various sources. Both in the areas of production
of alumina and aluminium, a rnumber of technological
improvements have taken place in advanced aluminium
producing countries. Import of improved technology
is not always possible, also its introduction is
not feasible in the existing plants. Import of
technology necessitates proper assessments to
determine its suitability under Indian conditions,
the available raw materials, product demands, state
of engineering developments, etc. Though research
and development work is being carried out by the
major aluminium producers in the country, these are
mainly directed towards solving their day to day
process problems in the plants. No work is done
for the development of process know-how and basic
engineering. The technologies followed in the
existing plants are from various
countries/suppliers - KAISER, ALUTERV-FKI, VAMI,
ALCAN, MONTECATINI and ALUMINIUM PECHINEY. Apart
from the strategic importance of having an
indigenous Research, Development and Design Centre
for Aluminium, the Centre is expected to save
substantial hard currency payments to the foreign
partners.

For meeting the estimated demand of aluminium by
the turn of the cengtury, substantial addjtional
capacjties for alumira and aluminium will have to
be set up in the 1990s. Additional demané for
aluminium by the turn of the century, which is in
éxcess of the currently available capacity would be
of the order of 440,000 tonpes per annun.
Considering the payment for know-how, basic
engineering and royalties for this additional
follow-up stage this wquld mean an expenditure of
at least US$ 95 million.




-5 =

It is to be pointed out that the cost for
Establishment of the Aluminium Centre in Nagpur
(both Indian Government and UNDP contribution) is
of the order of USS 12.5 million. The financing of
operations and further development of the Centre is
envisaged by the Government to be secured through a
collection of Rs. 100 per ton of aluminium for
aluminium research and development, added to the
price of aluminiun (established now by the State in
India). The funds so generated would serve as
financial basis for operation and further extension
of the Centre.

When the new aluminium capacity will be established
the Centre will be fully functioning and if it
contributes to savings of only ten per cent of the
expected expenditure for project engineering and
royalties, apart from rendering other useful
services, its establishment would be fully
justified.

It is to be noted that all the leading aluminium
producing countries have their own R and D centres.
Close interactions among these Centres’ Research
and educational institutions and industry bhas
enabled numerous technological advances - this
example is needed to be followed in India.

In the light of the above, a coordinated effort in
R and D will be essential for the development of
know-how and basic engineering to self-reliance in
alumina and aluminium technology needed for the
establishment of future plants without need to go
for foreign consultancy. Future development of
aluminium industry in the country based on
indigenous expertise demands the immediate
establishment of a self-reliance full-fledged and
independent research, development and design centre
for aluainium at the national level.

The development objective of the project is to aim
at self-reliance in alumina and aluminium
production technology and to achieve faster growth
of the Indian aluminium industry to meet the
domestic demand for aluminium products. This goal
will be achieved by setting up of an Aluminiunm
Research, Development and Design Centre at the
national level which will be in a position to carry
out research and development in the field of
bauxite processing, alumina and aluminium
production leading to improvement in the existing
plants and creating new production facilities.
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Thus, thAe output of the prdject will be physical
facilities of an Aluminium Research Development and
Design Centre, adequately equipped with specialized
research and testing equipment and trained
professional staff to render fesearch and
development techhology in the existing plants and
for setting up of ney alumina/aluminium pt®duction
facilities based on {ndigenous raw materials and
natural resources.

In addition, the Centre will handle related
projects such as dealing with the use of
by-products, ' design improvements for saving of
energy and materials, development of new products
and alloys. Another particular problem that the
Centre is expected to address is emanating from the
lack of adequate and uninterrupted power supplies
which has led to poor utilization of capacities in
the recent past. Investigations into energy saving
technologies of alumina and aluminium production
will be one of the important tasks that the Centre
will have to tackle.

It is expected that once the Centre is established
it will meet the fast growing technological service
needs of the aluminium industry in India. The
Centre will consist of the following departments:

- Alumina production research department with four
laboratories and one pilot plant;

- Aluminium electrolysis research department with
four laboratories:; .

- Analytical research department with three
laboratories:;

- General services, instrumentations and control
department with four sections;

-~ General administration and finance department with
three units.

The civil construction works for the Centre started in
Nagpur in 1990 and will be finished by 1992-1993. The
centre is planned to fully operate/function by 1994-1995.

The assignpent of the nationa) staff and procurement of
equipment started in 1989~1990. The firgt R/D works have
started in 1991-1992. Training of the staff is being
carried out in India and abroad.
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For a more detailed information reference could be made
to the Project Document and the Detailed Centre Design.
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1V. List of additional soltwares needed

The proposed Dyramic Celi Simulator of Aluminium Electrolytic Cells can be
implemented on both workstations and PC-class computers. These computers provide
rather different work.ng environiments for the users. In order to provide easy transfer of
source code files between these different hardware platforms, a professional program
developing environrent has to be established on the PC-s.

The following commercial software products are proposed to support the cell
simulation project.

f

For a selected workstation:

* F77 Fortran compiler (usually provided by the
- -upplier)

* HOOPS graphic library lware)

For PC-class computers:

* DOS extender (from Phar Lap Soitware Inc.)
* NDP Fortran compiler  (from Microway Inc.)

* HOOPS graphic library  (From Ithaca Sottware)

Note: A gencral-purpose mathematical library is needed for both platforms. The
NMAS library packige which accompanies the book Numerical Methods and Softwares
by D. Kahaner et. al. from Prentice Hall, 1989 can be mentioned as an example.
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DATE

14/09/93

WORKSHOP SCHEDULLE

Nagpur, India
Scptember 14-18, 1993

TIME

9:00 - 9:30

9:30 - 10:00

19:00 - 10:30

10:30 - 11:00

11:00 - 11:30
11:30 - 13:00

13:00 - 14:30
14:30 - 16:00

16.00 - 16:30
16:20 - 18:00

TopiC

) Welcome and introdu:ction.

Organization of Wcrkshop.

Mathematical modelling
methodology. ’

Process overview.

Simulation of an Aluminium
electroiytic cell:

basic mass and energy
balance calculations.

Break

Basic mass and energy
balance calculations:
approximating selected
operation modes.

Lunch

Developing a control
emulator.

Using the dynamic cell
model; examples.

Break

Computer demonstration
of the dynamic cell
simulator and participants’
contributions.

LECTURER

JNARDOC
Director

UNIDO team
Leader

V. Potoénik

V. Potocnik

L. Tikasz

L. Tikasz

L Tikasz

L Tikasz




15/09/93 9.30 - 10.30 3D thermo-electric V.Potocnik
modelling of the
electrolysis cell.

10.30 - 11.00 Computer demonstration L.Tikasz
of the dynamic cell
simulator :
11.00 - 11.30 Break
11.30 - 12.00 Modelling of potroom L.Tikasz
- ‘ - activities for cell
operation
. - 12.00 - 13.00 Magnetohydrodynamics V.Potocnik

(MHD) : introduction

13.00 - 14.30 Lunch
14.30 - 16.00 Electric current V.Potocni
calculations.

Busbar design.
Magnetic field

calculations
. 16.00 - 16.30 Break
16.30 - 18.00 Cell hydrodynamics V.Potocni
16/09/93 9.30 - 11.00 The anode-kaking S.Peter

Riedhammer furnace:
Design and operation.
Motivation for modelling.

11.00 - 11.30 Break

11.30 - 13.00 Development of the 2D+ S.Peter
- - model

13.00 - 14.30 Lunch




17/09/93

14.30 - 16.00

16.00 - 16.30

16.00 - 18.00

9.30 -~ 11.00

11.00 - 11.30

11.30 - 13.00

- 1‘030

14.30 - 16.00

Simulation results and S.Peter
capabilities of the 2n+

model.

Break

Development of the 3D S.Peter
model.

Simulation results and
capabilities of the 3D
model.

Description of some A.Charette
casting furnaces and

overview of the ralated

studies carried out at

UQAC.

Numerical methods in

radiative heat transfer.

Break

Numerical methods in A.Charette
readiative heat

transfer (continued).

Detail of the - thematical
modelling of the casting

furnaces : 1D analytical

model

Zunch

Details of the A.Charette
mathematicai modelling
(continued)

(a) 1 D control model
(b) fuel optimization
calculations

(¢c) 3D model




16.00 - 16.30 Break

16.30 - 18.00 The remelting furnace A.Charett

18/09/93 9.30 -~ 11.00 A general presentation A.Charett
on :

(a) the various research

. projects undertaken .
by the faculty members
in Canada, and

(b) an overview of Canadian
aluminium industry.

11.00 - 11.30 Break

11.30 - 13.00 Further elaboration on All stat
aspects identified by partici-
participants during the pants

week and/or free discussion

13.00 - 14.30 Lunch

14.30 - 16.00 Same topics, continued All staff
. and parti
cipants

16.00 - 18.00 conclusion - dismissal JNARDDC
Director,
. UNIDO tea
. leader

Nota: Free discussions may be held in the eveniné in
ronsultation with the participants. Decision
can be made on the spot.




Laszlo Tikaoz

Universitd du Qudbsc & Chicoutimi
555, boulevard de I'Université
Chicoutimi (Québec) Canada G7H 281
Phone: (418) 545-5233

Fax: (418) 545-5012

Dr. Laszlo Tikasz obtained his masters (M.Sc.) degree in electrical
engineering in 1978 and his doctorate degree (Dr. Techn.) in 1966, both
from the Technical University of Budapest. From 1978 until 1980, he worked
at East Hungarian Electricity Board as development enginesr. Frem 1980
until 1989, he worked at Hungalu Engineering and Development Cenire
Division of Aluminium Metallurgy In the area of process measurements ami
procsss control. In 1989, he joined the Universitd du Québec A Chicoutimi
as invited research prolessor. Thers, he has worked in building a computer
simulator of an aluminium electrolytic cell and In supervision of expert -
system applications. In 1984, he lectured as a member of UNIDO expart
group at Zheng-Zhou Light Metals Research Institute in China.

Ar:ldré Charette

Université du Québec & Chicoutiml
555, boulevard de I'Université
Chicoutimi (Qudbec) Canda G7H 2Bt
Phone: (418) 545-5057

Fax: (418) 545-5012

Dr. André Chareite obtained a diploma in chemical engineering &t Lsval

University Québec, Canada in 1966 and a doctorate degree in high,
temperature chemical kinetics in 1972 from the same University. Ho joined

the Universitd du Cuébec & Chicoutimi in 1970 where he is now in chargs of

the ccurses in thermodynamics and heat transfer as a lull profassor. His

research activities Include the computation of radiative heat lransiar in

industrial fumzcas, general mcdelling of thermal precssses and cyrolyzis

and calcination cf carbonacsous prcducis. he participaied actively in

numerous rasaarch projects concucied jcinty with indusiry, namely Alcan,

Comalco, ELF-Atcchem. He authored or c3-euthored mora than /0
technical pagors, presemzfions and research racons znd sugariisad 17
grzcuzt2 siudsnts,




Salvin Peter

Universitéd du Québec 2 Chicoutimi
555, boulevard de I'Université
Chicoutimi (Québec) Canada G7H 2B1
Phone: (418) 545-5011 ext. 2277
Fax: (418) 545-5012

Dr. Selvin Peter obtained a B.Sc.E. degree in Chemical Engineering in
1984 and a Ph.D. degree in heat transfer in 1992 at the University of New
Brunswick, Fredericton, Canada. Working as a research engineer at the
Université du Guébec 3 Chicoutimi since 1989, he has been involved in the
electrode baking furnace modelling for Aican (Canada) and Comalco
(Australia). He has been author or co-author of 15 research papers,
conferences and industnal reports. He is an active member of the
Combustion Institute of Canada and the Order of Engineers of Québec,
Canada.

Vinko Potocnlk

Alcan Intemational Limited

P.O. Box 1250 .
Jonquidre (Québec) Canada G7S 4K8
Phone: (418) 699-3332

Fax: (418) 699-39968

Dr. Vinka Potocnik obtained a diploma In engineering physics at the
University of Ljubljana in 1967, and a Ph.D. In plasma physics at the
University of British Columbia, Vancouver, Canada in 1973. Sinca 1973, he
has teen wmriing a Alcan Intemational Arvida Research and Devselopment
Camtre, Jonquiere, Canada. There, he is presently senior scientist and
consultant. He has been working in the area of methematical mcdslling,
simulation, prccass contrel and expert systems. He also taught a qradusitn
coursa (mastor's lovel) In mathematical modnlilng and sunuiatton at thn
Universitd du Québec A Chicoutimi, Chicoutimi, Canada. for 6 yeais. 19 is
zlso ona of the lecturers at the bi-annual one-weslc Aluminium Eisctelysis
Coursa st Camegie Mallon University, Pittsburgh, USA.
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1. Msthematical Modelling Methodology

Mathematical modelling has become one of the most important activities in
process analysis and design. It consists of a number of staps that have to be
combined in the most appropriate way for a given pmblem. Process under-
standing and plant measurements link it to reality. Building the equations,
chocsing the numerical algorythms and programming used to be the most
intensive tasks in the past. The advent of good commercial software packages
has shifted the emphasis to process related activities, to setting up the scenarios
and to the analysis cf the computer runs. Relationships among all these activities
are the subject of the mathematical modelling methodology presanted in this
session.

2. Overview of the Primary Aluminium f’roductlon Processes

Primary aluminium production processes comprise alumina production,
alumina reduction and casling.

Alumina is produced mostly from bauxite using the Bayer process. Some
applications of the mathematical modelling in this area will be mentioned but not
analysed in depth, sincs this part of the process is not a subject of the workshop.

Recuztion process includes electrolysis and carbon electrode production.
In electrolysis perhaps the most important subject is the thermal and electrical
balance, which will be overviewed. Mass balance and process dynamics are
clossly related to cell operation and controi. The electrode production process
starts with coke calcination and ends with the cathode and anode baking. Both
have been extensively studied by mathematical modelling, but cnly anode baking
will be presented at the workshop.

Casting is preceeded by ingot or scrap remelting, impurity elimination and
alloying. The remelting as well as casting itself have been the subject of
mathematical model development and applications, but only remeiting will be
prosented at the workshop.

3. Three-Dimensional Thermo-Electric Modelling of the Coall

Complex material composition or complex boundary conditions require
three-dimensional (3D) models whenever detailed distribution of the temperature
or heat loss is required. This is certainly the case when the cathode or the anoce
is to be designed or redesigned.

in this lecture the issues in 3D modelling will be discussed. Examples of
the simulations, obtained with a commercial finite-element software package will
be given.
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1. Basic Mass and Energy Balance Calculations

This pan is intended to gunde the reader through the construction of a
simplified dynamlc cell model of an aluminium electroiytic cell. The proposed
Model itself is an integrated sofware package tor s:mulatmg different operational
states of aluminium electrolytic cells. The focus is on the theoretical aspects,
whereas programming details as well as necessary preparatory steps (e.g. data
acquisition problems are not coverd.

A theorstical approach is outlined showing how to derive basic equations
to approximate the dynamic and static operation of a cell. The structure of the
computation is demonstrated with special emphasis on the user-adjustable
subroutines and functions. These user-adjustable parts can serve as starting
paints toward a more sophisticated description of the process.

The current state of an electrolytic cell is described by lumped parameters
averaged over a selected part (lump) of the cell. For educational purposes,
considerable simplifications are proposed regarding the granularity of the Model:
the geomaetry is the simplest possible and the upper and lower side-carbon and
freeze blocks are put into generalized side-wall and freeze blocks. The selected
control volume contains only the bath, freeze and metal lumps, and the
conditions are approximated by generalized anode, cathode and side-wall
lumps. The environment outside the cell model is represented by temperatures
above, below and beside the cell. The material and energy balances are
performed on all the selected lumps and during the simulation, the mass and

temperature variations are caiculated by solvmg the relevant ordinary differential
equations.

Geometrical, chemical and electrical aspects of the aluminium electrolytic
cell are considered. Alumina dissolution sub-modsel is introduced. Algebraic
equations for steady-state simulation are also derived.

2. Approximating Selected Operation Modes

The adjustable model components can be used to approximate special
operation modes, also. The most important components are:

- line current,

— current efficiency,

—- mass densities,

— @utectic temperature,

-— heat transfer coefficients,

— spaecific heat coelficients,

— equivalent thermal resistances,
— bath resistance and conductivity.

In this part, some examples are given showing how to select, tune, verily
and validate equaticns or develop appropnate sub-models.




3. Developing a Control Emulator

In simulating the dynamic behavior of an electrolytic cell, it is a must to provide a
unit which approximates the necessary maintenance routines. In real situations,
the maintenance is provided partly manually and by and adequate process
controller. Here we concentrate on the representation of the automatic control.
The main points discussed are the following:

— selection of control variables,

— data exchange between Modei and Control Emulator,
— developing a control date base,

— developing a simple alumina feeding routine,

— developing a simple resistance control routine.

4. Using the Dynamic Cell Model

An advanced Dynamic Cell Model is presented during the Workshop. The
Dynamic Cell Model is a computer program, escorned by a

— User Guide and a

— Set-Up Guide

Based on these Guides, the general structure and the use of the Dynamic
Cell Model are discussed. Examples are given where the Dynamic Cell Model is
used to simulate different operating conditions.

S. Computer Demonstration

in this pant, live computer demonstrations are provided on advanced PC-
class computers. Both the basic mass and energy calculations and the Dynamic
Call Model will be presented.

With the basic equations, the particpants can carry out static and dynamic
computations. This facility helps them understand the process fundamentals as
well as the main relations and trends of the process.

- Using the Dynamic Cell Model, they will acquire hands-on experiance with
a complete simulator.
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1. Introduction

Magnetohydrodynamics (MHD) is the study of fluid behaviour under the
influence of the elactromagnstic forces. This force is a vector product of the
electric current density and the magnetic field, therefore, MHD modelling can be
divided into: electric current, magnetic field and hydrodynamics calculations.

In this session, we will also explore the consequences of MHD on the call
performancs.

2. Electric Current and Magnetic Fleid Calculations

The objective of the electric current calculations is to determine the current
density in the liquid metal and electrolyte (bath). This current density is
determined by the cell and busbar design, its thermal state, and its operation.
The methods of calculation, software and the influence of the cell design and
operation on the current density will be presented. It will be shown how a well
balanced durrent distribution can be obtained.

The magnstic field is generated by the electric current distribution in the
cell as well as by csll-to-cell busbar connections. Steel structural elements of the
cell redistribute considerably the magnetic field due to currents. This greatly
complicates the calculations. Calculation methods and applications to different
cell designs will be discussed.

3. Hydrodynamics

Cell hydrodynamics is described by the Navrer-Stokes equation that
includes the electromagnetic force. The solution of this equation gives the
velocity patterns in the metal and in the bath and the metal-bath interface
deformation. Steady state and dynamic modeis will be examined. Criteria for the
MHD design will be discussed.

Applications to different cell designs wil! be shown, including a video
presentation of the metal-bath interface waves.
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1. The Riedhammer Furnace: Design and Operation,
Motivation behind Modelling.

This part is intended to give a descnption of the construction and operation
‘of the Riedhammer {urnace. The work it is supposed to do, tne general structure
of its construction, the main phenomena taking place in the furnace (fuel
cembustion, air infiltration, release and combustion of volatile matters,
combustion of packing coke, heat lossas) are described. The rcie of various
furnace sections (preheat sections, firing sections, cooling section) and the
configuration of each section ((head wall and fireshaft zone, underid zone, pit
zaone, underpit zone) are explained. Comments are made on the cperational
parameters of the furmace (compasition of fire train, fire cycle time, air flowrate,
fuel flowrate, baking temperature, finishing temperature) and the effects of
changing these parametars on overall fumace behaviour. Therefrom are drawn
the mativations leading to the mathematical modelling woric

2. Deveiopment of the 2D+ Model

Comments are first given on the reasons for, and the limitations of,
approximating the process by a two-dimensional (20) model, and the need for
extending it to a 20+ model to account for the critical differences between inner
and outer pits, due to heat losses through lateral walls.

The model is next presented in its mathematical concept as well as in the
way it is solved.

The moedel extends from the 1% preheat section to the last covered cooling
section. This model considers each of the four zones, links them tcgether with
common boundary conditions and determines the energy sources and sinks for
each zone. This part of the course describes the conceptual approach used in
the model by presenting the equations for the control volume of each zone and
explaining how the four zones are treated and linked together. In acdition, this
part will include how the 2D transient conduction I3 soived and how the volatile
matters release and combustion are taken care of by the model.

The solution procedure involves the calculation of mass flow, temperature
and compasition of the gas and solid temperature for each time step, until the end
of the fire cycle period at which ime a new preheat section is added and the last
cceling section is dropped. A new fire change starts and the program is executed
until the total number of the fire changes or a quasi-steady state (S°C temperature
difference of the gas temperature between two fire changes) is achieved.




3. Simulation Results and Capabilities of the 2D+ Model

The geometrical parameters and the initial values required to run the
model will be presented for a general-purpose base case. The output frcm the
model including draught profile, gas temperature profile, fuel consumption,
oxygen profile, gas mass flow, anode iemperature protile, anode finishing
temperature will be provided and compared with the measured values.

The capabilities of the model include changing operational parameters
such as draught, firing schemae, fire cycie time, flow distribution across the furnace
as well as changing geometrical parameters such as number of pits, adding or
removing a section from the fire train. The effect of firing change on the
performance of the furnace will be presented and compared with the base case.

4. Development of a 3D Model

The 3D mode! is built on the general-purpose code known as
PHOENICS™ marketed by CHAM of London, U.K.. A brief introduction to the

structure of PHOENICS and how it soives the transport equations will be given.
Emphasis will be placed on the Riedhammer Furnace model conception in 3D
and how this CFD code suits the needs of the work.

Next, the overall concaption of the 3D model is presented. One section ot
the fire train is considers -  “e the control volume for the model. Body-fitted
coordinates are used to ‘o the geometry of a section. How various
physical phenomena (a.. *rrhujence, combustion, radiative heat
transfer, conduction through tre 1t losses) are accounted for in the
section of interest will be discussec. . - . . 1@ initial and boundary conditions

along w..h the solution procedure for the flow and energy simulations will be
presentod.

S. Simulation Results and Capabiiities of the 30 model

A base case considers the simulations for the 4P preheat section. The
input parameters for these simulations will be introduced. The resuiting flow and
energy distribution in this section will be presented and discussed. Wharever
general plant observation data are available, a comparison will be made
between predicted and observed results on baking temperatures, temperature
gradients, baking uniformity or the lack thereof... .

The capabilites of the 3D modael include the effect of blocking any fireshafts
or any CES or AES brick holes, non-uniform flow through the fireshafts, changing
the geometry of the lid, on flow and energy distribution in the furnace. Examples

will be presented to illustrate the flexible use of the model in these parameter
studies.

Note: Ownorship by industrias will be duly mentioned.
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1. Deocription of some melting/hoilding furnaces and overview of the
relaotod studles carried out at UQAC.

Work undertaksn on a classical melting-holding furnace and on a top-
charged remelting furnace is outlined.

2. Numaerical methods In radlative heat transfer

Radiation is the dominant mode of heat transfer in casting furnaces. A
number of different numerical techniques are available for its caiculation. Some
of them are addressed in this presentation. The zone, discrete transfer, imaginary
planes, discrete ordinates and Monte Carlo methods are described and
compared. Reference cases are used to assess the accuracy of the methods.
Ways by which radiation is incorporated into the solution of the conservation
equations are discussed. Computation time is also analysed.

3. Detalls of the mathematical modelling of the furnaces described
above.

3.1 The classical meiting/hoiding furnace

3.1.1 1D model (analytical model) -

This simplified model is dynamic and it can simulate any
sequencse of operations such as loading, heating, stirring, skimming,
etc... It has been validated on a real furnace. Hottel's real gases
formulation has been used for the combustion chamber and the
phase change problem has been treated with the enthalpy method.
The techniques and the resuits are explained.

3.1.2 1D reduced modsl (control model).

A tenth-order non-linear control model has been obtained
from the analytical model by least-squares approximation. A
detailed descriptiun of the methodology is given as well as a
comparison of both models.

3.1.3 Fuel optimization calculations.

Such calculations have been performed using the control
model in open and closed loop. First the open-ioop formulation and




results are presented. More emphasis is laid however on the
closed-loagp schemes with PID control possibilities. The

mathematical formulation is built around the minimization of a cost
function.

3.1.4 3D model

This complex model is divided in two parts: the combustion
chamber and the metal. The general-purpose code PHOENICS™ is
used in both parts. Special algorithms are incorporated in the code:
radiation heat transfer in the gas phase is treated by the imaginary
planés method, the meiting process in modeiled with the aid of the
effective thermal properties concept and an augmented conductivity
technique takes care of the ronvection in the liquid metal. This 3D
model can be used to predic or instance the best dimensions of the
furnace and the best position of the chimney or of the solid charges.
A complete description of the model is presented.

'3.2 The remelting furnace

This cylindrical furnace is loaded with pieces of different sizes which
form a porous medium. Heat comes from burners imbedded in the
walls at specific angles. Predicting the heat transfer in such an
arrangement is a very difficuit task. Several studies have been

undertaken at UQAC to elucidate various aspects of the problem,
namely:

— flow visualization studies of the interacting burner jets (in a cold
physical modael).

— impact convection heat transfer study (also in the cold modael).

— experiences on the transmissivity of light through different porous
maedia. .

— one - and two-dimensional simplified models of the rate of meiting

of a typical pile by using an assumed heat penetration depth
formulation. .

The presentation includes a description of the experimental set-ups
and a discussion of the results obtained up to the present time.




VI. Course matenal

The course material was sent to UNIDO headquarters prior to the workshop.
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