5OiE NUMBRICAL SXPERIUGNTS FOR THI
STMULATION OF TH3 ATMOSPHZRIC
AND OCEANIC CIRCULATIONS

By

H+C. UPADHYAYA

Centre Tor Atmosphueric and Fluids Sciences
Indian Institute of Technologys Wew Delhi

Submitted to the Indian Institute of TechnologyyNew Delhi
for the award of the Dogree of Doctor of Philosophy

1982



To those from whom I've learncds
And to my father.



ACKNOWLEDGEMENTS

The author is sincerely grateful to Professor
M.P . SINGHy Heads Centre for Atrospharic nand Flulds Sciences
(CAFS) and Professor in the Departnent of Mathemnticsy, IIT,
New Delhis for inspiring guldance nnd advice during the course
of this research. His continual suggestions» constructive
eriticism and encouragement have been most valuable to me.

I express my profound gratitude to Professor
R. SADOURNY: Laboratoire De Meteorologie Dynamigue (LMD)
Parigs Frances for not only his invaluable supgestions and
eritical review of the progress in research bhut also for
making my stay in France comfortabhle during the preparation
of the first part of the thesis. I am nlso thankful to
Professor A. BERROIRs Directors LMDy Pariss Frances for
providing all the necessary facilitiocs durine my stny in
France.

I also express my deep approciation to Dr. P.K. DASy
Director General for Meteorologys Indin Matecorologicnl
Departments New Delhis for his interzst and advice all along
during the course of this study. I am also thankful to
Professor R. NATARAJANs Department of Applied Mechanicss
IITy New Delhis for fruitful discussions and puidmnce related
to the work contained in Part II of the thesis.

I am no less thankful to Urs. P.C. Sinhay 0.P.Sharmas
M. Lals U.C. Mohanty» Padmanabhany Maithili Saran and
Mr. V.M. Sastrys Mr. K.J. Rameshs Mr. A.D. Rao and other
eolleagues in the CAFS and Mr. P. Le Vans Mr. G.Rabhreau
(LMDs Paris) for their helpful suggestiansa and all possihle
ngsistance during the course of this study.



I am also obliged to the Directorsy IITy Delhis for
providing all the necessary facilities for this wescarch work.

I gratefully acknowledpe the financinl assistrnce
provided to me by the IIT: Delhiy MONEXy Indo-i'ronch Colla-
horation Programme.

I express my thanks to Ms. Neelam Dhody for her
expert and accurate typing of the manuscript.

Finallys I would like to thank my wifc ANITA for her
enduring help and moral support throughout this work.




Various mathematical models in th2 raecent years have
heen formulated to study certnin phenonena in thoe atmosphere
(L.c¢.y frontogencsls and eyeloponesis) and in the ocean (L.g.
westward intensification of occanic gyres) by using different
vertical coordinates. Though ths normalized pr@Ssure coor-
dinates the sigma system (Phillipss 1957)s has provided an
efficient troatment of the lower houndary conditions the
frontal surfaces ressolved much hetter when modelled in isen-
troplc coordinates (entropy constant). The most attractive
feature of the isentropic surfaces is the non-oexistence of
a vertical motion field under adiabatic conditions. This
implies that the isentropic surfaces act like meterial sur-

faces in the free atmospherc.

This thegls has bheen divided into two p-rts. Part I
includes mainly the development of & nuew mathematical model
in isentropic coordinate systam whers we provide an officient
trentment of the lower bhoundary condition to overcom2 tho
difficulties arising due to the intersection of isentromnes
with the earth's surface. Here we have employed an enstrophy
conserving finite-difference scheme to solve the governing
“equations of the model atmosphere. In this part of the thesis
some numerical simulation sxperiments and real data (FGGE

IIIbs datmavl979) analysis for a hydrostaticsinviscid and



ndiabatic atmosphere have heen conducted for the atmospheric
circulation. The results ars discussed for diffrrent experiments

which differ in théir definition of initializatione

Numerilcal integration experiments with o primitive
equation model in i1sentropic ceconordinntes ar«e also performed
to investigate the influance of orography on cyclone formation.
Results ohtained in the praesence of an isolated mountain in
different locaticons in a haroclinic channsel atmosphere are

illusttated.

Part II deals with a finite element approach to the
wind drivon ocean circulation study. In the pasts the
numerical solutions of the wind-driven ocean circulation
prohlems have mainly been achieved hy the finite differcnce
or analytical methods. In recent years finite element methods
have bhegun to he used in calculations of fluid dynamles. These
mathods have the advantage over the finite difforonce method
when the calculations are compliented hy th: presence of
irregular houndarics. For a model harotropic ocean subject
to a sinusoidnl wind stresss the governing couations contain
only two parameterss one a measurce of friction and the other

is @ measure of non-linearity. This system 1s solvad for

atfforent relative values of key paraméters and the results

APo Afscussad haras
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