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2. Basic equations

'I'lli' . ~ov{'n, i l\g equat ion of tJ" , ",dlrl1\e a!"t' a~

foHO\\·~ . Ta111t· 1 ~i'·4'" t11t' l i~t or f.; \"m},ols. Xr H 4

l(' C'\il l~ th(' fri c' ~innal (·n·t·l~tK t i ll ' f'oml~lt· t(, ' "( lrti r-i;\'
C( l"fttiou'" _ r

Th •. ttl' r a tio ll ~(·h , · nl (' pr(' ~( 'll tf"11 in t hi... ], ;1)11'1'

dof'''ol not !'i"llI in' t lu- P'lf·; II I U.'t f ' l· i1.;~t i ll ll of di 'II.:lt ic '
lll'at,ill~ . hnwevcr .. t lu- vertirn! \·I·IOt~ : t\~ .hll' t il
lli:t1ll1tie l· lrt·d ~ is ;~ I:« ) compute-I. knowin ;' on lv the
oh "('rn.(l wilUlR. which iH the 11 ;J "ie i np~t fo;' t h ~
mode l. In th j ~ 1'l'Opo~ed scheme. Balnuced Ba rocli 
nie Om.l'.!!l\ Equat ion is IIro1\{,1\ in two uompunents
OlH' ill\,oh'ill}! rho fOI'~'i llg thl!' to lli,,!..ttil: l'lTed~
Hlltl th l' otl u- r ill\,oh·ill:.!: l'on:illg duo to terms oth,,1'
than tJlf' cli uhatic: ht'ating. Tilt' fornv-r (' l l l lll tiOIl

HUll tJll'1'II1IHlyn llll\i l' t' lwr;;~' oqnation rou-ti tu t»
.\ pa ir tor ('(lUl\ tion :-\ it t \\O IInkIlOWI1 . i.r., vortie.rl
w.lod ty d ue to dil1'llIti\~ ht,;tting und tht' Ili,ll'<llic
In.at ing itself. "Fr4'1Il these twu equntions. tho tt'rII.
(,()Ht1linin~ the tli"hnti,: ht' l\tin~ is eliruinnt ed nlH l
an t,xllrt·f;eaion fur the vert ienl veloeitv liltt' to din.
batie 11I~lt in~ i."l lIbtahlt ..I. Th e t il;'o Ih·pt.'l1{h·nt
tern, uf t his equatiun is l'r0I'0~t·(l to ht~ (~ IHlll'lI tt't.1

IIX tlu- Illdh.o,1 ~n g~t·~t\· c1 b.'". lI nwkin"l (Wlii ).
l ' l r~t ;IpproXlIllatlOH fUI" vvrt wul ' "t'luci ty and
divergent 4·Cl lllpQI1l..'lIt of tlu- wind il"i l' rtll'o:i!~l to h I"!
obt uincd Irom t lu- solut ion of 111l1l ~i '('(~I H trollhi C'
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1. Introduction

Vurions nutlt i-lcvol tlyn:unil':ll tl illg:Ull.;tic ,, \c)l II·I:"'
huv- 11\"\'1\ f(,l:('utl )" propo.....ll for t ho 1'\tl1 lh' of
ve rt iunl 1 1 1()~i( 1I1 11U4 ) t'1I1'T'!.!.'" tT';I 1t...flll"l l\at ic m~ e te
in went her jl,y~ t \' IIl~ . Xntnll l l~ among them, c"ppll inl
lv for the tropic':" , ure hy Kri-hu nmu rthi and
n .ul1uh"fuN (l~61\) . H uwkins (\!ll\i ) and Yanni
:11 11 \ :\itl l\ ( Hltjj ) ('t t:. 1I0w('\"I' I.. it i ~ l'('Pll t hat WHit!
Ilf t [u-rn nrc free from t )w limitu t iuu-, of t lu- 1H00h·l
l ilt:! i11'I'rux ill\:1.t iUll-t :LillI 1'1Irnnw\c.·ri 7.ilt illil of
~ li Hl lll t i \' II(':1 t:I\'1. TIlt' t\t'fl'l·t of huvimr ti lt' lil'st
:\l'proxi11latillll for d iv....gent 'liut of :!l,' wind,
de r -i ved from t he rot.\t iuna l erunpouen t of the
WilliI only. {l1 ul t hen itt' T;lt ing: for H ~'(J1l \'('rgellt

StlilltlUIl is eonunon \H ;111 the n1t~thotl ~ uud it is n
lit t!e llillicl1h. O1t l'n..-vnt , to (orl'sre tIm po{-=jlti lity 
of ~t~ttil\ !.; rill of t his tll·ft·\~ t t ill the rlivergeut com
pom-nt of t ill' Willll l"lih il l' .h· l"iYI·ll fn uu till' tlh~',· 
Vt't 1 wiud itHt·lf tll a :0:;1 l i:-:.f.tt:ttll'\"th'!!T!'4 ' uf 1' ('("\1 n.ll·y.

Kr i~hl\ n l lUl r tlt i ,11111 ll :lllnuU' flwr ( lDHli) I"I\"('
c'Oll\putt. t l only the llclill h:lt ic verticul \"t~I41t' i ty from
lla hlhl:c'll llal()l:lillil: () IlII'~ i ' Equ at ion. The itcru
t ion scheme l'n~:#'ll tJ~c l hy Yilnui and Xitta ( IDli7)
(loe ol, not m'l't l t he par,\lI\l ~tl'l'iZfltion (If dia ha tio
lU'a t i l\ ~ IH~(' l\ll 4- 1 ' it mak(' oI, \1 :-'1' of thl ~ ,·urticit v
('4 1'Iatiol\ fHUl t'C)ntilllli ~~' (.tll1atll1l1 only. HllWkil;s
( I~H)"'j ) hll"! t~OlhPll lt 't\ t ltt· '-I'~ne i \,' fWIll tliilhati G
t h('n lll)tl ~~na,mi ' 4"IU' 1~y 1'11111, t it'll pa rt\1l\t' t ('r i7.i li~
th(' tlinhlltie 114'; lt in~ in :\ wOIy similar t o lilt' nile
sll ~g~~t('f l hy K uu (WH.-)).. The time tlt'pelUleut term
or t h\' rm04:1ynamic ('nl'~!Y \~'luation i., ('vldlU,tCil
hy intq!riltinl: the vol"t icity equat ion fur om~ ti me
"It4'1' a llil ~dtillg t)1l' ~1'0puh'lll ial at hoth timt.':-i lIy
sClh" in~ :h(" n·\"l.'l'~ h:,l:\I\t~t· I ,~ lt ll\ l ion . By Ill)jn~ ~ ' ,
Onl' i... all le to ;,Yuil l t he u~nnl \~ri t lcio,(lI\ again ...t tllt~
l'Ol11l ll1 t l\ t ion 01" 1iHll' tlt'pt'lul t'ut, t t~rm fl'4l !1l \"It( ~

u"St~ r \~ : ltjO IlS t.\ lllrakuI1\i In;)7).








