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REPORT ON C-MMACS

SUMMARY Many significant events took place at C-MMACS during the

Dr K S YAJNIK
Head

MODELLING

year. An International Conference was held on Mathematical
Modelling and Scientific Computing. Modelling efforis in Earth
Sciences got a major boost with Prof V K Gaur joining the
Centre. Major efforts were made to reorganise C-MMACS
computing facilities by relocating them in one building, by
making UPS power supply available, and also by initiating
action to obtain a large compute server.

Results published in a CSIR journal on application of modelling
to Indian fransporiation sector evoked considerable interest in
the national press including an editorial in the Times of Indial
Amongst other results are the encouraging comparison of pre-
dictions of a tidal simulation in the Bombay Harbour with
avaitable experimental results and new insights in the behavi-

- ourofmarine ecosystems. The scientific activities at C-MMACS

have progressively grown to a higher energy level, as indicated
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by the various academic activities: publications, reports, semi-
nars scientific meetings, special courses and leciures.

1.1A  MODELLING
PROBLEMS IN
BIOLOGY AND
CHEMISTRY

MODELLING BIOCHEMICAL RE-
ACTION PATHWAYS

Genelic repression and induction
mechanisms through small molecules
and enzyme activation and inhibition
are the major gontrol glements oper-
ating on the complex circuitry of
coupled biochemical reaction-cycles
in cells, The various cellular fune-
tions are controlled and co-ordinated
through these positive and negative
feedback/feediorward loops that help
in activating {sensitivity factor) and
deactivating {stability factor) particu-
lar steps in the pathway at required
timas. Though the biochemical de-

tails of many reaction pathways are
known, a general understanding of
the nature of interactions among these
coupled processes have not yet
emerged. This can be attributed to
the complex nature of these sys-
tems involving essentially nonlinear
phenomena. A wide variety of dy-
namical behaviour is observed in
living systems, namely, steady and
periodic oulput in basal and alter-
nate conditions, ‘switching’ hehavi-
ours {i.e. threshold sensitivity and
muttistability), excitability, transients,
aperiodic or chaotic oscillations st
some of these may be pathological.
it has become possible now a days
to simulate the dynarnical behaviour
of these sysiems on high-perform-
ance computers by computing the
solutions of the nonlinear model
egquations,
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state to simple periodic osciflations.

A Fig. 2 Hopfbilurcation surface across which the A
asymptotic dynamical behaviour changes from steady

by chaos.

Fig. 3 Surface lnk-g space across which skmpio
periodic osciliations give way to period doubling followed

In a joint programme involving C-
MMACS and CCMB, a model has
been constructed for a possible
pathway having coupled positive and
negative feedback processes. Al-
though the possible dynamical pat-
temns in pathways that involve only
positive or only negative feedback/
feedlorward steps were studied
eattier, not muchis known about the
case where a positive feedback is
coupled with a negative one. Here,
the feedbacks are in the form of
genetic repression {end-product
inhibition} and aliosteric enzyme
activation {see schematic in Fig. 1),
respectively. Earlier the results of a
scan of parameter space were re-
ported for the different behavioural
patterns using bifurcation diagrams,
phase space and time series analy-
sis anxd other methods.

During the last year, domains in the
parameter space were mapped for
particular types of dynamical behavi.
our. Two parameters were varied
namely, the degradation rates of 8,
{=k}and S, {= q}. Other parameters
werg held fixed at the likely basal
values. Fig.2 shows the boundary
- separating the domain of the stabie
steady states and the domain ofthe
autooscillation {limit cycles), The limit
cycles grow in ampilitude as one
moves away from the curve and

ultimately, forlow values of k, period
doubling bifurcations to chaos are
ohserved; Fig. 3 delineates the k-g
boundary across which transition to
period doubling ocours.

MODELLING IN MARINE BIOLOGI-
CAL SYSTEMS

Marine biota play an extremely im-
portant role in the global carbon cycle.
The biclogical pump transfers a
considerable amount of carbon from
the euphotic zone o the deep ocean
as organic matter, the basic mecha-
nism being fixation of inorganic car-
bon inte organic molecules during
pholosynthesis, Also, the depend-
ence of development of fish larvae
on the available phytoplankionis an
example of interest trom the view-
point of marine productivily.

Ocean carbon-cycle models coupled
with ocean-aimosphere general cir-
culation models, can describe the
long-term responses of ocean sys-
{emn to global change scenarios. As
afirst steptowards the development
of such coupled, basin scale models
of ocean circulation and biogeo-
chemical cycles, a study was initi-
ated at C-MMACS with a class of
dynamical models of marine eco-
systems. intially, 3 3-component
model of the marine ecosystem was

¥  Fig. 4 The logariRthmic
variations of phytoplankfon {LF),
zooplankton (LZ) and bacterfa (LB)
during March to May. '
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studied using phase piane analysis/
CM 23/. At present, a 7-component
model proposed by Fasham el al
{1990) is being studied at four sta-
fions in Arabian Sea which are the
proposed sites for intensive time-
series studies under JGOFS, /CM35
it was observed thai the marine
ecosystemn shows penodicities in the
range of 15-45 days at these sta-
tions. The variability associated with
these periodicities is quite large.
Bacteria show smaller pericdicities
than other components. In the study
of sensitivity of theresponse{opara-
meters, it was found thatthe asymp-



totic grazing rate has a signiticant
effect on variability of phytoplank-
fon. '

Fig.4 showstypical variations atone
station. Variability in phyteplankton
tar exceeds variability in zooplank-
ton or bacteria. Primary peaks of
zooplankion and bacteria occur soon
after peaks in phytoplankton. Alsg, a
very weak peak in zooplankion is
seen 500n after a secondary peak in
bacteria which Iollows rapid decline
in zooplankion population. This
simulation carried out for climatol-
ogical variations of solar radiation
and mixed layer depth shows that
further studies and refinements in
the model are required to ensure
realism.

COMPUTER AIDED CHEMISTRY:
CONFORMATIONAL STUDY OF
PEPTIDES

Conformation of a motecule defines
its characteristics and most of the
molecular properties are functions
of its geometry. Since most of the
molecules are conformationally very
flexible, the choice of their preferred
conformations is & daunting prob-
lem. Forexample, agrid type search
performed to arrive at the structure
of peptides, woukl take with the
present state-of-the-art computers,
the computation times of the order of
the age of the universel Other
conventional minimization methods
would suffer from the local mini-
mesm problem.

The conformational study of pep-
tides aiso aliempls to answer an-
other of the mysieries of nature,
namely, protein folding. From the
knowledge of the rules that govern
protein folding, it would become
possible to synthesize “Designer
Proteins”, which would have the
desired shape and as a consequence
of which would have a predefined
functionality.

Secondary structural prediction has
been primarily been carried out us-
ing statistical methods. But racently
approaches based on the usage of
Simulated Annealing (SA) has been

attempied to provide a solution 1o
the globa! minimum problerm, A study
has been initiated at lICT on the
modelling of some polypeptides us-
ing a combined approach of experi-
mental techniques (NMR} and mo-
lecular modelling. The recourse to
SA proved 1o be attractive for the
input 1o such a program would be
justthe aminoacid sequence andthe
structure isbeing calculated inan ab
initic manner. The molecular me-
chanics program chosen was AM-
BER 4.0. SA studies were carried
out for four peptides in order to de-
terming their secondary structure,
The peptides studied were 12-26,
15-23, 15-33 [Trp > Ser] fragments
of tendamistat and an LHRH an-
tagonist. The results obtained were
consistent with the available experi-
mental data. Studies are now being
carried out at C-MMACS under a
coltaboration project with HCT to gen-
erate a cost-eflective protocol for SA
studies.

The study of cyclic peptides has
another constraint of ring closure
which is critical to obtain the most
preferred conformation of cyclic
peptides. ICT has a collaborative
program with one of the Schools in
Japan to develop a computer code
using the AMBER suite of programs.
it is hoped that this code will prove
an invaluable tool for studying cyclic
peptides. The program AMBER-
CONFLEX is now undergoing ex-
tensive testing.

1.1B  MODELLING
PROBLEMS IN
EARTH SCIENCES

MODELLING STRESSES IN THE
INDIAN LITHOSPHERE

The Indian iithosphere: a basic can-
vas for the exploration and deline-
ation of fracture-controlied line-
aments: resources and hazards.

Prevailing stresses in the lithosphere
are the immediate cause of is frag-
mentation at various scales thereby
carving the basic tectonic frame-
work which, in tum, controls the

evolution of #ts structure and geo-
morphic features that are of great
interest to us. These range from
broad scale landforms that deter-
mine our habitat and activities in
many ways, to shallow textural fea-
tures that influence the course of
mineralization and groundwater
regimes.

The stress regime of the lithosphere
also determines the response of this
outer brittle shell on which we liva, to
intensifying exploitation of the earth
resources: land use, mining and
containment of long life hazardous
waste. Knowledge of the stress field
thus provides an understanding of
the natural grain of the eanth which
can prove valuable in engineering
design of land use and other large
scale industrial systems. As our

- hurgeoning human family stretches

its reach 1o colonize every available
ecological niche for habitat and re-
source developrment exposing large
investment activities to ever greater
risks, the need for a knowiedga based
approach becomes all the more
imperative.

Furthermore stress distribution in the
lithosphere, being the net result of
boundary forces and its 3-D
fthospheric geometry & composi-
tion, can shed significant light on
these features which would in tumn,
help constrain models of earth struc-
ture and evolution. This, indeed is
our ultimate objective, towards cre-
ating a rational basis for addressing
diverse problems of development
and earth use with deeper insight
and understanding of its intrinsic
texture. These considerations put
stress modelling of the ithosphere
highonthe research agendaofearth
physics with important implications
o development activities

in the case of Indian lthosphere,
considerable new knowledge has
been gained about soma sighificant
intra-piate features notably fiexure
of the lthosphere in response 10
topographic loads, and the intense
deformation zone in the equatonial
Indian ocean iithosphere as well as
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ts rheological properties. These
developments in turn cali for a more
realistic modelling of stresses inthe
Indian lithosphere simulating  all
important {eatures known to date
that influence the state of stress.

The stress in the Indian lithosphere
is medeled using a reglistic set of
boundary conditions in a finite ele-
ment procedure. Plate boundary
forces simulated, include 1} Slakpull
at subduction zones, 2) Ridge push,
3} Resistive forces acting on the
down going siab at frenches, 4) basal
drag at the base of the plate, 5)Suction
forces along the Tonga-Kermadec
french and 6)Bending moments along
the Himailayan collision zone. in
addition 1o these, the plate will also
be loaded vertically by known sea-
mounts and thick sedimentary de-
posits notably the Afanasy - Nikitin
seamount load on the highly de-
formed central Indian basin and
sediment ioading of the northern
Indian plate.

_ Mgdeiling of stresses in the indian

plate using the above houndary

_ conditions is being carried out using

{inite eiement soflware packages on
PC 486 machine. Fortran routines
for calculation of forces such as slab
pull, ridge push and resistance forces
at the trenches have been devel-
oped. Lithospheric ages required {o
calcuiate ridge push and slab pull
have been taken from the maps
compiled by Sclater et al. (1980}. To
begin with the Indian plate has baen
approximated by a flat modet. The
finite element mesh generated con-
sists of trianguiar elements in a plane
stress approximation.

NEGATIVE RECENCY IN EARTH-
QUAKE MIGRATION

This work relates 10 proposed acliv-
ity of developing nonlinear predic-
tion schemes. lt is a preparation for

A Fi. 5§ Perurbations in the radiation budget for (8} tresh moderate volcanic (MPFE}, (b} fresh high volcanic
{MPAE) aprosols, (v} aged high volcanic (MPFE). The reductions in lhixes when compared fo the background aerosoi case
are shown. A reduction in the downward Hux indicates cooling of the layers below white & reduction in the upward flux

indicates rapping (hence healing} of oulgoing radiation.




that objective and establishes anew
form of predictability in eanthquakes
sequences. .By earthquake migra-
tion conventionally one means ei-
ther a systematic migration of earth-
quake foci inone paricular direction
on 4 long linear fault system or such
a migration preceding and following
2 major earthquake on a fault seg-
ment. The present work deals with
earthquake migration on long linear
fault systems and studies it in its

entirety rather than looking for sys-

tematic migration in a panicular di-
rection. The pattern; found is called
negative recency. That is, i the recent-
most movement of earthquake foci
is in & particular direction, the next
earthquake is more likely 1o reverse
that trend than to follow it. Historical
earthquakes along the Alpide belt,
Southem California fault system,
Himalayan arc and Japan trench have
been analyzed. The negative recency
is generally seen to get stronger as
the magnitude threshold for the
earthquakes included in the analysis
is raised. The next step would be to
use spatial migration of earthquakes
forprediction using nonlinear predic-
tion strategies /GM 12,30/

GLOBAL CLIMATE CHANGE:
EFFECT OF VOLCANIC AERQO-
SOLS ON TROPICAL RADIATION
BUDGET AND SATELLITE MEAS-
UREMENTS

The recent multiple eruptions of Mt.

Pinalubo have spewed an encrmous
amount of volcanic aercsols into thg
stratosphere. A significant part of
this is still frapped in the tropical
stratospheric belt and is expectedto
have a li{etime-of 1-3 years (Waison
et al, 1990). The effect of these
aerosols on atmospheric radiative
transfer are manifold; they interfere
with saiellite ohservations of the earth
and also periurb the radiation budget
leading to climate change..

It is generally befieved that an in-
crease in siratospheric agrosols will
cool the earth on account of
aftenuation of direct sunlighi
{Harshavardhan 1972}, But there are
other aspects of this problem which
also require attention, i.e., the in-
crease in diffuse radiation due to
multiple scattering and trapping of

ground and atmosphere emitted ong -

wave radiation. it is recognised that
the influence of aerosols on climate
are far more difficult to assess than
trace gases because of temporal
and spatial variations in con-
centration, size distribution, chemi-
cal and optical properties (Watson
1980},

C-MMACS has inttiated a programme
to siudy the effects of aerosols on
climate and satellite remote sens-
ing. The objectives of the study are
a) modefing radiative transfer through
the atmosphere as accurately as
possible with a view 1o making reli-

able inferences about aerosol ef-
fects and (b) generating models which
are specific fo tropical conditions. At
C-MMACS, radiative fransfer through
the atmosphere has been accurately
modelled using LOWTRAN 7, a state-
of-the-ant software package (Kneizys
et al 1988). Spectral calculations
{300 lines covering the solar and
long wave spectrum) have been in-
tegrated to yield total upward and
downward fluxes.

Four types of siratospheric aero-
sols, (a} background, (b} fresh
moderate volcanic, (c) aged high
volcanic and (d} fresh high volcanic
have been considered inour simula-
tions, Of thesa case (a) prevails in
the absence of any volcanic activity
and the fresh and aged indicate the
conditions which exist a few monihs
and a few years aher the eruption,
respectively. These four cases cover
a wide variety of possible scenarios.

The reduction of downward {(which
includes direct, diffuse and down-
ward emitted atmospheric radiation)
fluxes when compared to the back-
groundcase forcases (b), {c}and(d)
are 1.2, 2.7 and 4.8 W/sq-m, respec-
tively. The frapping of long wave
radiation in tha stratosphere is aiso
significant withvaluesof1.2, 0.8 and
3.8 Wisqg-m for the three cases. When
both upward and downward fiuxes
are considersd together therg is a
net cooling upto a height of 15, 22
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A Fig. 6 Variation of the properties of the maximally growing equatorial Keiin wave in presence of evaporation wind
feodback and convective time lag: {a) behaviour of the periodicily in A-B plane (b} behaviour of the associated wavalangth
in A-B planse {c} behaviour of the e-folding time in A-B plane, whore A Is 4 nondimensional evaporation wind feedback
parameter and B is the convective time 1ag in nondimensional units. Length scale L, = 1047 km, time scale T_ = 0.66 day.




P Fig. 7 Radial verlical
profiles of tangential velocity In nvs.
(a) observed profiles for a mean
hurricane, Mode! simulated profilas
at{b) 12 hr, {c} 18 hrand {d) 24 hr.

and 17kmandnet heating thereafter
for the three cases. The magnitude
of these changes in fkuxes can lead
1o significant changes in the thermal
circulation patter in the short term.
Besides, the heating observed at
larger altitudes is expected to de-
piete the ozone layer by assisting
the vertical transpost of ozone o
higher alfitudes {see Fig.5).

The effect of volcanic agrosols on
sateflite remote sensing is currently
under study at C-MMACS under a
project sponsored by DOD. Prelimi-
nary results indicate a depression of
1-2K in the brightness temperatures
sensed by the infrared channels of
the AVHRRA radiometer. A complete
analysis of the aerosol effect is
expected o yield correlations which
may be applicable in SST determi-
nation in the prasence of aerosols.

The determination of radiative prop-
erties of aerosols from measured
profiles and size distributions by the
appiication of Mie theory is also
currently under progress. These will
be incorporated into future versiong
of the radiative transfer model.

MODELLING MOISTURE FEED-
BACKFORLARGE SCALE TROP-
CAL CIRCULATION

The 30-50 day tropical osciflation is
an importani component of mon-
soon variabilty and monsoon pre-
diction. An analytical model for the
tropicai 30-50 day intraseasonal
osciffation was modelled as the Kel
vin mode of a shallow water model
on an equatonal plane drivens un-
stable by moist processes. Unlike in
similar models, here precipitation is
modelled as a relaxation process
based on the hypothesis that the
large scale fiow is not in quasi equi-
[Brium with convective heating. The
introduction of such a convective

e
Ty
T —?

o

[l T

TR e

0o 'z ; 6 %

PlxlOmbL
Z 8 &

Laheslayaarks

L

N
e

50

A

9 -
linl.a! 1:. PRSI RAPRRTTI N

ﬂﬂ

4] 2 &
Rodius {in degrees)

100 5B 0

Rndms {in deyrees)

time lag naturally gives rise to a
scale selection of the Kelvin wave in
the iow frequency regime. The struc-
ture and properties of the maximally
growing wave closely resemble those
of the observed 30-50 day tropical
oscillation, The variation of the pe-
riodicity, wavelength and e-folding
length of the maximally growing wave
as functions of two feedback para-
meters. A (Evaporation wind feed-
back) and B (Convective time lag)
are shown in Fig.8. Thus using this
modelwa couid give forthe firsttime,
a consistent description of the 30-50
day oscillation as inintrinsic mode of
the linearized tropical atmosphere,
Extension of the model to account
for the other low frequency tropical
oscillation is in progress.

SIMULATION OF A TRQPICAL
CYCLONE BY AN AXISYMMET-
RIC MOREL

An axisymmetric mode! of the tropi-

cal cyclone that uses Arakawa
Schubert parametrization scheme
was used to simulate the evolution
and structure of a tropical eyclone,
using 20 year mean climatologicai
data for Calcutta Station. The simu-
lated results were then compared
withtheobserved profiles fora mean
mature hurricane. This set of experi-
menis was carried out both fortest-
ing the suitability of the modsl for
studying the Bay of Bengalcyclones
and to estimate the deviation of the
latter from the mean hurricane in
other ocgan basins, The results show
good agreement between observed
and simulated structures with allow-
ance for deviation of individual sys-
terns from the mean struciure. Vertical
profiles of the model simulated tan-
gential velociy at various time steps
are compared with observed mean
profiles in Fig.7. The adopted (Wada)
model therefore provides an excel-
lent research tool for siudying evolu-
tion and structure of tropical cyclones.



»  Fig. 8 Dependence of
infensification of tropical disturbances ¥
on the size of the incipient vortex. " a ® c
{a} maximum falt of the central $
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over 3 latitude forincipient vortices b ks d
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areas. Animportant and long stand- ° *g (Km)

ing problem intropicaicycione warm-

ing and prediction is an early warn-
ing of these ‘coastal’ cyclones. Based

on the above simulation studies a
set of experiment was conducted to
investigate the role of the incipient
vortex size inthe subsequent evoly-
tion of atropical disturbance, andthe
possible use of the incipient vartex
size as an early warning parameter.
The most significant findings of this
set of experiments are (1) the inten- 000 bt s s —_—

sification of tropical disturbances is i
not uniform or linear with the incipi-

p {mb}

ent vortex size r, (for 100 kmer, < wo () «“

500 km); there is a peak in the inten- 203 A

sification curve at about 250 km. £ LA M
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maximum sustained tangential v v 500 TN ,*!

(b) minimum low level central pres- RN
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size of incipient vortex sizer,. There (),

is a clear maximum at about r, equal 200 3 -

to 250 km. (2) The vertical profiles of

w (vertically velocity for the maxi- o _

mally growing vortex (1, ~ 250 km) £ 0 .

shows a distinctive oscillation in time, “ kD

absent in the other vortices. In Fig.9 800 !
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ferent vortices at different time steps.
Netice the oscillation of the vertical




position of the maximum vertical

velocity for the vortex D (r, ~ 250

kmj,

The first of these results hints at the
possibility of use of the incipient vortex
size as an garly warning parameter
Tor fropical cyciones; the second result
points to an infricate dynamical
mechanism, hitherio unreporied, that
givesrise o the maximai growth ata
paricular scale.

Davelopment of a dyramical mecha-
nism forthe effects observed as well
as investigation of the sensitivity of
the results to various mean condi-
tions ara in prograss.

BASIN SCALE OQOCEAN MOD-
ELLING '

One of the striking features of the
circulation inthe Indian Qcean s the
seasonal variation in surface cur-
rents in response to reversal in the
wind direction due to monsoons.
Efforts are underway at C-MMACS
1o generate a realistic model of the
indian Qcean by  incomporating
monthly climatology data and realis-

{ic topography.

The Modutar Ocean Model (MOM),
recently acquired from GFDL, Prin-
ceton, was successfully installed and
tested for coarse resolution runs on
the SUNSPARCT workstation. This
Is a 3-[ primitive equation model of
the ocean incorporating both wind
driven and thermohaline circulation
over a wide range of space and time
scales and is due to Bryan and Cox
(K Bryan 1969, M.D.Cox 1970, 1984).
C-MMACS has obtained a compre-
hensive climatological data base
containing 1°*1° Scripps topography,
Hellerman windstresses {monthly
means and annual average), Levi-
tus temperature and salinity profiles
{monthly means and annual aver-
ages) and Oort’s air temperatures,
This data base can be used to gen-
erate realistic models of ocean ba-
$ins using variable grids and a choics
of mixing and fitering schames o
facilitate the calculationofvelocities,
mass transport stream functions and
tracers to the desired accuracy.

MOM is intended 1o be run o large
multiprocessor machines like the

A Fig. 10 Locations of the
observation stations (Thana Creek)
at {1} Apolle Bunder {2} Bulcher
Isiand {3) Nhava Sheva (4} Pirpau
Fier and (5} Vashi Bridge

Y  Fig. 11 Comparison of
predicted and observed tidal
variations in Thane cresk

Apolo Bunder
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CRAY Y-MP. Al present, with the
computing resources available at C-
MMAGS, smaller scale problems or
coarse resolution studies are being
attempted. Thetullpotentialof MOM
will be exploited when C-MMACS
acquires a large compute server.

SEA LEVEL VARIATIONS

Sealevelchanges can have marked
effects on habitat in coastal regions.
These changes when caused by
global warming can be quite wide-
spread. | is therefore important to
study sea level dala to ascertain
trends and to make estimates of
changes in future. Stochastic fime
series methods are available to
construct empirical models. ltis also
possible to use fractal approach for
this study, which has the advantage
that the information around regions
of data scatier is not lost. A study
was underizken in C-MMACS for
Bormbay, Cochin, Madras, Vishakha-
patnam and Sagar (Calcutia). The
fractal dimension was cakulated using
iterative function systems technigue
given by Bamseley {Fractals Every-
where (1988), Acadermnic Press, N.Y.).
It was found that the dimension lies
between 1.2 and 1.3, Also stochas-
tic time series methods are being
applied 1o the available data for the
indian coastal region 1o arrive at
empirical models.

COASTAL CIRCULATION AND
MARINE POLLUTION MODELS

Resuits of the version 3 of the coastal
poliution modet for Thane Creek were
presented o the local organisations
in Bombay. Detalled discussions and
{eedback have led 1o the version 4.
In this version, the tides are repre-
santed more realisticaily by includ-
ing 34 specirai components by using
the tide daia at Apcllo Bunder, The
value of the bottom friction coeffi-
cient is now taken into account the
known sandy-clay nature of the bot-
tom surface and the available ex-
perimental data and s believedto be
more accurate.

it was decided to test the realism of
the model by comparing with fimited

tidal elevation and current data avail-
able at five stations during Dec 3-
4,1886. The cakulations were started
with the initial condition of the state
of rest. Wind forcing was neglected
as its effect is known to be small for
{his season, Similarly river discharge
from the northern river was neglected
as it is known to be small during this
season. Figures 10 and 11 show
good agreement at four stations es-
pecially for the lows. For the Vashibr-
idge the departures a! highs are
believed due to connection to the
sea though the nornthern end which
would need enlarged computational
domain to delermine. Further stud-
ies are in progress.

1.1C  MODELLING IN
ENGINEERING

COMPUTER AIDED DESIGN AND
ENGINEERING

Aeronautical Applications

GTRE was facing difficulties in ob-
faining a single piece airblast ato-
miser for the KAVERI engine to meet
their design specifications either
through impont or by the conven-
fional route of investment casting.
This led 1o & sponsored project at
NAL on the development of CAD/
CAM techniques using CNC milling
for manufacturing the airblast ato-
miser as a single integral piece out of
a solid bar stock. The alomisers
would ultimately be manufactured
from Nimonic 75 material for the
aeroengine. The specific objective
was o manufacture six girblast ato-
rmisers of slainless steel. They would
be used for ground combustor sec-
tor tests and for evaluation of the
design configuration.

CNC sofiware and CADACAM tech-
nicues were developed at C-MMAGCS
under this project by scientists ofthe
Propulsion Divisionusing IRIS work-
station. Also, technology was devel-
opedtomilian airblast atomiserasa
single integral piece, Manufacturing
process is quite complex as it in-
volves CNC milling, turning, electro-
discharge machining, electron heam
welding and vacuum brazing. Six

airblast atomisers were manufac-
tured on schedule, and used for fests.
Figure 12 shows six airblast atomis-
ers. The success of this project has
resulted in a capability based on
CAD/CAE for making integral nimonic
airblast atornisers for aircraft engines.

A second aeronautical application
concems a 1/3 scale modet of the
first stage of the low pressure tur-
bine of the KAVER! engine which
was required for tests in the turbine
rig in Propulsion Division of NAL.
Such scaling gave rise 1o very thin
turbine blades having leading and
trailing edges with radii of a few
hundred microns. As atestcase, the
blades were modelled on the G-
MMACS workstation, CNC software
developed, and the blades were
machined. As thedesired machining

. aceuracies could not be obtained

the scale of the LPT rotor blade was
changed to 3/4th again using the C-
MMACS graphics workstation. The
new blade will now be tested in GTRE
rig. Thistask has led todevelopment
of CNC sofiware for machining this
blade and its piatform.

A third aeronautical application of
the Iris workstation at C-MMACS
has been discussed elsewhars in
this repon {see pages 58-59).

Space Applications

New nonaxisymmetric configurations
of strap-on booster nose cones of
the Geostationary Satellite Launch
Vehicle (GSLV) were modelled at
the on C-MMACS workstation. Each
configuration was modelled, CNC
software developed and the 3-D
nosecones machined in the Propul-
sion Division and given for wind tunnel
tests in NTAF.

Applications to Power Sector

Damaged 3-0 compressor rotor and
stator blades of a 108 MW industrial
gas turbine running on natural gas
was sent by the Maharashira Elec-
tricity Board. Geometric data ob-
tained from these damaged blades
were smoothened out on the G-
MMACS graphics workstation and



developed at C-MMACS.

A Fjg. 12 Six airblast atomisers which were A
manufactured by GTRE using CAD/CAM techniques

Fig. 13 CAD/CAM techniques were used at C-
MMACS to help the Maharashtra Electric ity Board
solved a problem of damaged gas turbine blades.

CNC programs were generated af-
ter modifying the model io achieve
the design expectations. The blades
were machined and found to be within
acceptable tolerance. Figure 13
shows the CAD model of the modi-
fied blade.

MODELLING OF DISPERSION
CHARACTERISTICS OF THERMAL
DISCHARGE FROM A THERMAL
POWER PLANT IN DAHANU
CREEK

A thermal power plant with produc-
tion capacity of 500 Mega Watt is
proposed to be constructed at Dahanu
creek on Gujarat-Maharashtra bor-
der. The plant will take in cooling
water through an intake and dis-
charge hotwaterbackintothe creek.

A project has been taken up by NEERI,
Nagpur with C-MMACS, to predict
the temperature rise over the area of
water body due to proposed dis-
charge of the thermal power plant. A
numerical model TIDAL-2D is cur-
rently being used to simulate the
creek hydrodynamics and heat trans-
fer phenomenon. An important ques-
tionis whether there is the possibility
of discharged hot water flowing back
into the inlet.

Numerical experiments were carried
out with 50x100 meter grid with dis-
charge of 10.0 cubic meter per sec-

ond at 55 deg. C. Modelling results
show that the current pattern in the
creek is significantly altered in the
vicinity of outlet due to shallow depth.
A maximum of 5.0 Degree Centi-
grade rise above the ambient water
temperature is predicted near the
outlet. Moreover due to mixing and
advection the temperature rise re-
ducesto 3.0 degree centigrade near
theintake. Further modelling studies
are planned for model effects of tidal
condttions, discharge parameters and
for comparison with observations (see
Figures 14, 15 and 16).

MODELLING OF ELECTROMAG-
NETIC ACTUATORS

C-MMACS has completed a project
on modelling and simulation of elec-
tromagnetic actuators for industrial
application. It was sponsored by a
private sector industry. Under this
project, asoftware was developedto
calculate magnetic flux using a finite
element method and to determine
nonlinear dynamics of the electro-
magnetic actuators. The software
was validated for two test cases.
Training in the method was also
imparted to the design engineering
staff of the sponsoring industry. A
technical presentation to the indus-
try with submission and detailed
technical reports’ marked the end of
the project ( please see /CM 41,43,44/
for more details).
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DEVELOPMENT OF A SOFTWARE
PACKAGE FOR SOLIDIFICATION
IN CASTINGS

Simulation of solidification, a project
jointly taken up by RRL Trivandrum
and C-MMACS, is an efficient method
for determining the efficacy of feed-
ers in avoiding shrinkage cavities in
castings. The evolution of the solidi-
fication front is computed by solving
for the temperature field in the cast-
ing to identify isolated pockets of
liquid which lead to shrinkage cavi-
ties.

The software consists of a preproces-
sor, a solver and post processor.
The solver is the heart of the soft-
ware and it numerically solves the
equations governing heat flow inthe
casting and the mould using the Finite
Volume Methed (FV). The pre proc-
essor is for the input of the casting
geometry and for enmeshment of
the system prior to the numerical
analysis. For easy handling of com-
plicated geometries, the solid mod-
elling package IDEAS and the mesh
generator of the IDEAS FEM pack-
age are used in the pre- processor,
An interface programme has been
written to read the output file of IDEAS
FEM and to convert the nodal data
into a form suitable for the FVM
solver module. The-Finite-Volume-
Method has been adapted to work
with the tetrahedral volume elements



A Fig. 14,1516 Typical results from a modelliing exsrcise of dispersion characteristics of thermal discharge trom
a tharmal power plant in Dahanu Creek using the TIDAL-2D software avaiiable at C-MMACS. The phota on the left shows
a raster plot of temperatiire while the figure next 1o it shows the contour plot.

generaled by the automatic mesh
generalor of IDEAS FEM. This soit-
ware therefore combines the con-
ceptual and computational simplicity
of FVM with the efficient enmesh-
ment possibilities of FEM. Work on
pre-processor and solver has been
compigted. Work on post-process-
ing, integration and validation is
planned,

BODIES OF AHBITRARY SHAPE

)
1.2 | ALGORITHM
7 DEVELOPMENT
% SIMULATION
74 STUDIES

APPROACHING A PLANE WALL
INSTOKES FLOW

A problem of bodies approaching a
wall in Stokes flow reiated to com-
pasites was taken up as a joint proj-
ect between RRL Trivandrum and

C-MMACS as # bears on metal matrix

composites, An intial swvey of
avaitable methods for selving similar
probliems showed that the method of
Hsu and Ganatos (1989) appeared

PRE- & POST PROCESSORS FOR
FINITE ELEMENT ANALYSIS

NAL has developed a high-perform-
ance finite element software pack-
age lor structural analysis. User-
Triendly interactive pre- & post prog-
essors for finite element analysis are
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o be best suited. As a first step, it
was proposed to make a detailed
analysis of the method and to check
out their results. Efforts at obtaining
their published resuits have not been
successiul even after accounting for
certain errors, presumably topogra-
phical. At present, the regime of
applicability of their analysis is being
explored. A detailed analysis is
underway and a first report hag been
communicated for publication.

being developed under a joint proj-
ect hetween CMMACS and NAL to
provide user interface to the pack-
age. This sofiware facilitates the
preparation of model data and the
visualization of results, | is planned

" to integrate the pre- and post proc-

essors with the finite element pack-
age.

Presently pre- and pos! processors
are being ported to MS windows
graphical user interface. A program
for three dimensicnal contour piot
has been developed and incorpo-
rated into the post processor. {see
Fig.17).

STUDY OF THE TRANSPORT SEC-
TOR

Publication of the first results /JCM
20/ of the study at C-MMACS on

« Fig. 17 lustration showing
the contour and deformation plots
oblained from the post processor.




Tabla 1

Projections: Civil Avialion (indian Alriings)  ssssssnayem S R R
Quantily Meaan Annual Model Predictions

& Units Growth Rate 2000 2010

Revenus passenger Kms 28.57 76.48

{illicn) 10.35 (+3.643, - 3.231) (+9.751, - 8.646)

Revenue tonna Kms 1.740 3.869

{hillion) 8.32 (+0.2615, -0.2273) (+0.5814, - 0.5055)

Oparating revenue 57.13 285.0

thillon) 37.43 (+15.50, - 12.19) {+ 77.29, -60.80)

Nota: The 20 arror bars are shown in brackels {see /CM20/)

transpottation sector in India in CSIR
Journal evoked considerable inter-
est in the national press. Major na-
tional dailies carried fairly detailed
excerpis from this study and, which
in turn appears to have led {o an
enhanced awareness on the part of
many individuals on the scale of the
transportation problems in india and
the needed solutions (see Table 1).

Further studies are in progress on
the data with a view to ascertain
interrelationship between major frans-
portation and econoimnic indicators.
They use time series analysis and
regression models.

PARALLEL ALGORITHMS

Two-dimensional panel method cal-
culations were carried outonthe 16-
processor parallel computing plat-
form at C-MMACS. Experiments were
continued to examing how the paral-
lel efficiency of a new iterative algo-
rithm for the solution of the large-
scale dense linear system Ax = bfor
singularty strengths varied with dif-
ferent topelogical connections of
processors  and communication-
routing strategies. The tests indi-
cated a marginal increase of about
1% the earlier value of 73%for 1152
panels for 16-processors connected
in mesh iopology. Preliminary trials
conducied with a modification to the
algorithm showed encouraging trends
for raising parallel efficiency fo higher
levels.

Investigations with a three-dimen-
sional panel method showed for a
paraliel Gauss-Seidel algorithm a

parallel time efficiency decreasing
with the number of processors (Fig.
18). Further work is in progress 1o
irnprove efficiency.

EUGENIC ALGORITHM FOR
GLOBAL OPTIMISATION

One of the important algorithms for
global optimization is called the
genetic algorithm and is based on
the melaphor of evolution on the
principle of the survival of the fittest.
Such metaphors are useful as the
success of genetic algorithm would
illustrate. Yet a powerful metaphor
carries concepis fromone domainto
another where # has appiication,
rather uncritically. Thus, there is a
good deal of unwarrantedtranster of
context from the source field to the
field of application, wherein that
context may even be ludicrous. For
example, the genetic algorithm simu-
fates the concepts of monogamy,
chromosome swapping, binary sex,
martalty and taboo against infanti-
cide. All these concepts are irrele-
vant for the field of mathematical
optimization. Even more importantly,
the contribution of the theory of
evolution was to establish that the
evolution is entirely nonteleclogical,
whereas mathematical eptimization
is specifically a teleclogical activity.
Thereiore, eugenic algorithumrejects
all these unwarranted translers of
contest from biclogy and culture,
while retairing the chief lesson that
an interplay of chance and conscious
seleclion can lead 1o rapid improve-
ment. It also supplements the agency
of chance by heuristics and theory,
which are problem-specific. The
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Y  Fig. 18 Paraliel perfor-
mance of an iterative algorithm for
Ax=b (N= problem siza).
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algorithm is, at present, developed
for a combinatorial problem of signal
design and would later be applied to
geophysical inversion /CM 11,34/

EXPORT TRENDS: ANALYSIS,
MODELLING AND FORECASTING

Aghorough analysis of growth rends
is required for the proper understand-
ing of dynamics of growth and for
future forecast. Inthe context of the
analysis of export trends, we expect
that the growth oftotal export follows
S-shape curve, even though individ-
ual itemwigse export may or may not
follows the same. The S-shape curve
¢an be characterized by three phases
of growth: in the initial phase the
growth is almost exponential, in the
maturity phasethe growth is around
the point of inflexion, the point at
which d®/dt® = 0, and there is finally



the saturation phasewhengrowthis
stagnant. Once we get the informa-
tion about the shape of the growth
curve, we use them for making fu-
fure projiections. For this purpose,
we describe S-shape curve quanti-
tatively, that is, in terms of differen-
gial squations. In the present study
we have analyzed growth, both in
time, and in space, and have worked
out their mathematical models with
an aim lo make future projections.
We have used these models in the
study of growth of India’s export to
14 major trading pariners.

NONLINEAR ESTIMATION OR
INVERSION

As an example of a nonlihear in-
verse problem, the problem of the
estimation of the compounding dis-
tribution in the compound Poisson
progess model for earthquakes has
been soived. Two important formu-
lae derived ara:

oo =1G-1)] / (g0} u,, Jand
R A

where i is the nth moment of the
compound density function, pf, is
the rith factorial snoment of the number
of earthquakes per unittime, p-, _ is
the nith moment of the waiting time

vZA
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for the gth earthguake, and in the
first formula, additional subscript g
has been used as u, estimates ob-
tained from for different Q may not
normally agree. Once the momenis
are obtained, any standard method
for the estimation of density function
¢an be employed. As the factorial
moments and the inverse moments
of the observables are involved the
estimation schemes are nonlinear /
CM 8/

STEIN ESTIMATION

Stein estimators are nonlinear esti-
mators foriinearmodels. A condition
for their superiority over linear esti-
mators is that the number of para-
meters to be estimated must be at
least three. To make Stein estima-
tion applicable for eanthquake recur-
rence models, rather than two-pa-
rameter slip-predictable ant time-
predictable models, a three-parame-
ter size-interval relation (SIR) - pre-
dictable model has been proposed.
Inthe process it has also been clari-
tied that the so-called slip-predict-
able modet has no predictability and
it only states a constant relation

‘betweenthe watingtime forthe next

earthquake and tha gize of the next
event. This relation in the so-called
slip-predictable model is not contin-

The Centre offers a broad spectrum
of computing facilities, comprising of
computing platforms and software,
for diverse research problems of CSIR
laboratories. These facilities are util-
ised for inhouse, collaborative and

488 Proceaso? : WYL OPU Mours

{157 GPY Hours/monih)

880 Coprogessor : 2348 CPU Hows

1195 CPU Hours/month)

gent upon any observable quantity.
in the SiR-predictable modei A, the
waiting time for the next earthquake
can be predicted but the modei is
inferiorto the SIR-predictable model
for two reasons, Firstly, the latter
model has one extra parameter and
secondly @ more efficient Stein esti-
mation procedure canbe used for it.

The utility of the Stein estimation
procedures is further enhanced by
introducing a deubie boot-strap esti-
mation procedure. The first boot-
sirap consists of uging an inferior
time-predictable model {0 estimate
the wailing time for the next sarth-
quake, and substituting it inthe size-
interval relation predicted by the SIR-
predictable model. As a result, the
relation-predictability of the latter
modelis made separable inthat both

. the size of and the waiting time for

the next earthquake are predictable.
The second boot-strap consists of
regarding the resultant two two-pa-
rameter models as a single four-
parameter model B. The ideas have
been illustrated using data about a
seismogenic source named Cepha-
lonia in Greece. The work indicates
that the quality of the data is nor-
mally underestimated as the estima-
tiontechnigues used arenotthe best
possible /CM 12/,

sponsored projects of C-MMACS and
other institutions. The ongoing de-
velopmerts taking place in the centre
should enable with the centre 1o
become a major hub of computing
activities.

Major relocation of C-MMACS com-
puting facilities took piace in 92-93.
Now all C-MMACS computing facili-
ties are in one buiding, namely 9.AA,
in the Belur campus and they are
supplied by 110 KVA UPS, which
was also relocated during this pe-
riod. Despite these changes, utilisa-
tion of computing facilities showed
an encouraging trend. For example,

| Fig. 18 Utlisation of C-
MMACS Supermini in 1992.83 by
different CSIRA astablishments,
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the supermin clocked an average

rato of 157 and 195 CPU hrs/month Table 2 '
for processor and coprocessor re- Graphics libraries at C-MMACS
spectively. Utilisation by different Lbraries

organisations is shown in Fig. 19,
Considerable sfforis went in the

GING-F, GINOSURF, GINQGRAF

P5r366
COSMOS
RIS 3120, 3130, 40/20GT
SUN SPARC 1
PS/486

GKS2B+
procurement process of a large | gag
compute-server {LCS) and graphics SUN PHIGS
works stations {GWs). Following NAG Graphics
raising of the global tender in Octo-
ber 82 and receipts of quotations in
January 93, technical evaluation was :

Table 3 -

taken up which involved specially

Mathematical libraries at C-MMACS w?&&%@iﬁaﬁyﬁfﬁ%&ww&&m

designed benchmark programmes.
The process is expected to be com- .
pleted and the systems procured | SO Area Platform
and instalied in 93-94. Site prepara- | pigpac Eigen System Analysis COSMOS
tion work was initiated during early | g pack Solvers for Efiiptic Partial Diferential  COSMOS
pieted during 93-94. IMSL Comprehensive Liorary for COSMOS &
: Numerlcal and Statistical Analysis PS/a8s
DoE has agreed to provide C-MMACS ITPACK fterative Solvers for Linear Systems COSMOS
with internet connectivity which will LINPACK Linear Sysiem Scivers COSMOS
enable it fo access remote cormnput- NAG ™ Numerical & Statistical Analysis PB/486
ing facilities workdwide and shareils | NUMERICAL Extensive Programs of Numerical COSMOS & -
resources with R & D Iabs and aca- RECIPES & Siatistical Analysis PSass
demic institutions. The following tables QDEPACK Ordinary Differential Equation Solvers  COSMOS
(Tables 2,3 and 4) gives details of SPARSEPACK  Sparse Linear System Solvers COSMOS
software available at C-MMACS.
Tabla 4
Application packages at C-MMACS S e
ACRPLOT General Purpose Plotting Package Ps/486
AMBER 4* Modelling of Peptides/ Nucleic Acids COSMOS/SUN Spare
AUTOCAD Computer Aided Design PSr386
CAMAND Computer Aided Modelling, Analysis, Numerical Control etc., IRIS 3130
.CHEMKIN Chemical Kinetics COSMOS
£S5 STATISTICA Integrated Stalislical and Graphics Analysis PS/386
DADISP Digital Signal Processing P5/386
DT-IRiS Image Processing Software Psr3gs
FABCOD 2 Line-by-line Atmospheric Radiative Transfer COBMOS
LAWPM Limitad Area Weather Prediction COSMOS
LOWTHAN 7 Atmospheric Radiative Transfer COSMOS
MAPINEQ Daskiop Mapping Softwarg P&/386
MATLAB" High Performance Matrix Computation P5/388
MOM* Global Ocean Circulation COSMOS & SUN Spare
MOPAG &* Moiscular Orbital Calculations COSMOS
NASASEC Chemical Equilibrium {Combustion) COSMOS
'NEXPERT Expernt Systermn Shell - PS/386
‘NISA 92* Finite Element Analysis PS/486
PCMODEL” Molecular Modelling IRIS 40/20GT
PHOENICS® - Computational Fiukd Dynamics Ps/4886
PORFLOW Simulation of Fluid Flow, Heat and Mass Transfer in Porous Media  PS/486
SDRC I-DEAS GEOMOD Solids Modeliing IRIS 4D/20GT
SUPERTAB Finite Element Modeliing IRIS 40720GT
TIDAL Shaliow Water Simulation & Pollutant Transport F&/486
* noquired during 199243 :
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