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Lee waves associated with a large circular mountain
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AnsTRACT. Tbe present work iM concerned with t he bA.roclini(' pro pror t iMl ur~t8 tiollaty W"8V('l'lM.
h ind " IAl')l'e circular mountain. It i~ b.'\..'<OO lin. linear, haro('li!lic model which in~l.lUICll the COrifJ l~5
force!. an,l ib variation with la t itudf>~ . T he ( rt· f' lItr:a m.veluc~t)· [J and t he "!8hlht.:t" parameter I .1
eeeume d to be independent of hf'i~h l . A wave ('qual 1011 III der ived fllr t ~f' v l'~ I (,tlo l compo nent of per
turbation veloci ty . 118 eaymptotlc solution indjcQlf>lI that t~(' W"T'P amplitude I" ftt ~unctlon of th e It?n
dimcn louel parameter (," = / L /I1]4), where L and ~ art" Uni t lengt hs RI~IU!. the honzontal 8n~ vert ica l
& J:l'A of re ference. Numerical val llN of t he solution arc pres..nted to ind ica te the e teenuat ron of t he
wave with rad il\l dl et euee, with variati oM in 111 and with height,

1. Introduction

The theoretical and practical aspects of
the mountain wave problem have received
considerable attention in th e last decade.
Important theoretical work on stationary lee
waves is uvnilable in the investigations of
Stewart (1948), Charney and Eliassen (1949),
Bolin (1950), Smagorinsky (1953), Kurbatkin
(1959) and Saltzman (1963). The first three
inves tigations were concerned with an
esssentially barotropic atmosphere. Baroclinio
features were introduced by Smagorinsky
and, recently, a very comprehensive work on
meridional motion created by heat sources
and orographic barriers is available in the
paper by Saltzman (1963). Kurbatkin
(1959) also considered baroclinic features, but
assumed a rigid upper lid at th e top of the
atmosphere . In th e present investigation, a
few results are presented on the baroclinic
disturbancc in th e lec of a large circular
mountain , without the assumption of a
rigid lid.

If we con..sider, n~ a first approximation, 8

homogeneous air stream, without shear and
with constant static stability, th en physical
considerations enab le us to dist inguish bet
ween three horizontal scales of interest in the
mountain wave problem (Queney etal. 1960).
They are,

(a) 10 Ian : Non-hydrostatic and negli
gible Coriolis force;

(b) 100 Ian: TTydrostat ic and non
l(oost ropllic, with constant Coriolis
force ; and

(c) 1000 Ian: Hydrostatic and /:Costro
phic with a variable Coriolis force.

A large barrier, snch as the Tibetan P Ia
tea u, comes under category (c).

Apart from considerations of scale, the flow
patt.ern behind a mountain depends on the
choice of appropriate boundary condit ions.
I n th e present st udy we have assumed a linear
model. This restricts the scope of the investi
,::ation to mountains of small height.

By linearizing thc lower boundary condi
tion, we assume that the flow is entirelv over
the mountnin, that is, there is no .cross
mountain flow at the lower bound ary. This is
a departure from reality, but is an acceptab le
approximation for mountains less than one
kilomet re in height (Charney and Drazin
1961, Phillip.. 1963).

Physical considera t ions require that the
vertical cnmponent of the perturbation be
bounded at the upper boundary. But, as is
well known, the upper and lower bound ary
condit ions by themselves are not sufficient to
give a unique solutio n to the problem ; an
addit ional constraint i'required to make th e
prohlem determinate, In th is investi l(ati on,
we make 1L'lC of the radiation condit ion for
outgning waves at infinity.
















