gl
—

——
) /OF:\&JQ{;\

e enhal ...m.s,_J,s!s\ Hrarn Chigd S~ 13 ¢ $7.1 ,S$.2e $.3 8 .4'&;4{./ $.5% 0;-56

11 oracds - S')'mn\)‘rb'}'&’}";J colomn o'F G C""°°-\’- o(urv:tkl‘DQXM"“'} '¥'°"\

e INCe ONJ“L e B . -

. F.oam\ c.lu4’~" c.aAﬂA5‘“h""‘F¢nnt\ QX"MAHX -F”M 0\04* L"K- 'L" A°‘Y

oo e e e e

——~'Hr°£

N\'\‘\‘ Q‘VL‘\"’ Qm,& N*}( l»\-—ll 'F S‘b oD M’-s &k“onqak S e
M&ﬁ CQA-\-na CQAM '\-p-"c\;,\ht.\ of S)MQ\“\ .Suui"\“ c__ 0‘ {J\K;‘f d(LnS,

. l'e,-‘c\’“,") _Sh‘wk e

lqpe T

—Rrws wYMA o \«rfls-f' ?w'\” (\fco\ *“--W'l“""‘d S
5,,?._,-“\\ e sqskees /Lr.u.. m-}-\-\‘:.lusw formadie
CSec B8 \? SR

sl el \Nrkx Brmek Fromn \f\"_ u'f vorkx o.(a:u\

Pm{x,‘§n1 .\» -quu\ Cl.-aloa’uu 4)0331-Mdo$\ See. F*) -
meg_, Homnddss ""Iovd’lo‘grm-')"t F oo midelrotns

(see ¢ s-Cl ‘) , —H\.+ S ¢ mb\-«l} o™ Nw-lesd ¢ 2averm

tr orde Y acedesle davelspm? o F e heneds . TR gerhel

N <-)7'§"‘(Aa-‘\ a\_\;cccbw (n"\'\" \5\"""!\)(\ (\n\‘ﬂ"\‘hc" Lo~ . Cv;' +L"' S
| Home %v")""\'-ijgae.su bs e S\y\ ‘sf‘m-."f &Lorgc. (e Py 150

-TL‘. h(w S~ "-F"“' CQA\"J‘\Wb Cene s f"\\“ &S(«& ‘l o
Ry et b Seu med Frode ‘—@r“'**\'*rkx
o ospiop e\t s depd\ GoecFgSite s

¥ WA D O




T2

'ﬁ i ’)Tn\bjo f\f"v*‘l;’

e

4 ‘.) dus* c,a\mr\ - -"bmuc’.o 5{(‘;»0 \lsss\a‘.n.. G4 S, r‘\“\ d\rs? § A

(oha'assl)ﬂ‘~ E”"“- vcnckam\' @ Jend s lbwﬁw‘\)\ ‘an c,\wcl Rie

_,'Zf) (@) rbg_g_\_&,ms\. - 'F sane) A"“"A‘ Z -Nkiﬁ \,:E!S'f .

") M\\’\u\ﬂmd -S:oanc. v-n.u:,knl MAXW:AQM w:&-\c\,\ i 4524“} \-o \*-Vtr'h.u\

T D acressn N shranks_ o tas L'\'\a- ceamne 1 e X

5D 3 bsso--n, - q\swaéﬂ"qs A&s\'nv\\ g:av*nk\k— (fw:roamuc\’ . i_~§ ? ‘NW

‘ll‘

..S/vu\«x Q\;,&_SL.L&,& a?n--\' L"! 0~Mb\.ﬂ\+ om»}l

IV Flow Rlof+
, T e k ..La-. o¢\<.‘4
il 'F — o ?
o« owles l\wm,LmrM Care. L ' a

J
- ferdhs T b ALY N“f"*”ﬁ\&l‘—dﬁ M H_—"

__

- Veor fx core_

""Ftcc.. £5\' ""““"1 \IA‘(V

T

= Carasr \"\\-&.n (ﬂ\u{)‘_ S'FC. ¥I§\~3 QA"'QI‘* \I\P“"\X¢ M\gS\ \'(.l f‘h(r'—"“x

( &Ln; l&h& __f\mr-'\-wu\ :Pnsswn. \a\)ﬂ.o(ro«-!' IJ ldu-ﬁg, Lerk.
IV - Flew Jof¥

Seser! W‘n;s 'S e oSS paeegary & ?a%-“-:J +ornedic S‘)‘h.u\}'\'\«

i_. |4 ~'+‘c.nc\v.*u Cord ‘Qcm-c.

i MNEeGr U?JJ-EF* SPQ* )~

ﬂ: Cove. :}:.L exlnds Q—ow-“ '\’Lt, NJ\L& Jg N\A)(:N\.uh ‘!"‘—C{\b"'\.‘l

1 ovindd "7[:;; o bl Q‘C\"O"‘\xb betwee Ae godeflow Ta

5 —)k CQ:—»_Z.L . Co\wg does n"\‘ "'Hv-;, Q‘:_?_g,\ghn,k lz_ kr&u\-;_ a
Ha_ ore 7




RN \f S s (mw ~\ o\m‘.t.,"‘:t‘n& \l‘l“kx AX ) 'Q‘Lw ﬂf (,,.\\ c“_"’
POPE T8 ) mwz-—Jd b"‘-“- "'“““"‘L* N M“Q\«‘ 100%3 e

=S -

Caas\b-v M- dhl\q\&t‘M‘M&\-vM "'-\‘\N, care. M=V xr or M=Vr

. g éF Gar S A‘SP\&CK& a_d sto-ce SWAU-L\“\/—\'LV U
[ (S L S L oM ¢

e e 'f'ff

L . 3

. ‘,__A$l¢10. %'\'llv.. MéXIMuN" +"" €h+\ ‘ V""“A‘\“ aéM > O _s Sinee F B \‘M;‘_" N
. 'ﬂf; \f g - = C'*"" "'\ ‘hw“"‘-‘ Verky o)lu)-Hu. + c...-\\ T:’!

Mg!.\.m\"l- Oé*'*"ﬂ"l-‘ 5““"’1’5\#6\4{ ““»« QP\‘S\AL\ \06‘4\"‘_

Sv —"L. wrkx \.t S%Lh. -H \"a-cl\“ oQ»sPL(.CQMV."- a\,- :.: A\} 3\\5\ ~
o «Cc&.\:.n*-& \auu& ol oo\-u.unj. ss\bm‘flua“\;'ﬂ‘m I& -\-o Il)

AS S\‘\‘Wv\ - Fl‘! A l¢ » GJ “')'L sw\r\ r&%& \_( A A(mk& (.V]q\n.alv .).u ‘\U-‘h*
\ '\-\vg ‘
Velsd \‘\“‘\ﬂﬂ;""‘ o?*ﬂ"“\' SP~¢3~> By c,L;md—mAhU "f 'H‘ core f\"’\"“ S

stk sl - undnft boy noy

SDOw»AmX"\' a-\ss"q’ b“b&é\ Cantg&m‘sl-h‘ - 1——_,’_“:‘\ \VF—)" i

T i) o R

_verhil sty b et




ék)f)b:i""‘:'\' neor, o \ -.w_.A_m,,.s,]13_n.cjs_s\‘-,-w%:;:j__gc&_émﬁ&___*

e e e . i £

Corng- M™Ma,0- ADWO

£ Cechra\_domadsdt ' /\/jfm —dhomo ¥ MJ-(L““MH!Q

ongmh N\

/

Ly

S S \\;\\m—S S

Hsseht srhoa S S
¥

7~

,..\'\\M— \‘l"’\\

'}'N‘A&Aﬂ- - j /

/IE \>st.‘ Qx?\‘mﬁ"\“ “':r o-a\-, PreSsare :-\ \cu': “‘\ss LoOr. QSY +\“~

Lornrds (letiee ot Ney s derrm o Q@,\UQ\QJ&.\;\b Lat )

O\o:—- on Py TR, Givem Pe Schemmihe SHecnlims o2 e

_g\bmsg'gqrt.l q\.g she=ld \Lg_. ob\ M ,\1% ( SUs b&"‘t‘Lp

BILEES \ lb,.,_ L 5a T Q‘-.A)QA-} by A'\""..,ﬁsm?':‘:&.‘_\)ﬂfbvl-t | Mma hans . A )‘)"zwo\)\'\

*—L LT O Al\oxﬂ.)«? ~in S”"“rqwm -H,«. varkx s»‘ms.\aluu. S

'HNnv.. e o uon:."r-« J" ‘H*m—t.*';u 0«\'\‘\]\:&9‘1—\ Hee ~raos ?a\;i' I

JlAasends ¥ a8 "‘“‘-"F \t\u\ v o e bn..is.\'\ a.ae,.:.\\.\ e
'F \\ +\-'~ wrkx .,




206 METEOROLOGICAL MONOGRAPHS VoL. 28, No. 50

® T

7 7777 T

(@) E )

I
M i
Sl
WY/

Giiiziiiissd@

FIG. 5.29. Effect of increasing swirl ratio, S, on tornadic vortex fows. (a) Very weak swirl—flow in
boundary layer separates and passes around corner region and there is no tornado; (b) Low S—smooth-
flowing one-cell weak tornado;’ (c) Moderate S— end-wall boundary layer erupting upward into strong
smooth-flowing end-wall vortex that breaks down near the top of the boundary layer into a turbulent
two-cell vortex aloft: (d) Slightly higher S—drowned vortex jump (DVIJ) with the defining characteristic of
the vortex-breakdown stagnation point very close to the ground; (e) Turbulent two-cell tornado at higher
S—the central downdraft now impinges on the ground, eliminating the stagnation point aloft, inflow in the
boundary layer erupts upward in a now-annular cor region, and the core radius increases rapidly with §:
(f) Large S—tornado “splits” into multiple vortices (2, 3,..., 6 § increases). (Modified from
Davies- Jones 1986.)




