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t. Introcltrction.

Although tornado occurrcncc is concentrated not-
ablv in such rcgions as the midrvcstcrn scction of thc
L'nited States, r 'arious parts of thc world have cx-
i.cl icnccd them. During the historic period and ncr
.ioubt previously, pcople ha., 'c bcen territ ied and also
:rivstif ied b1' thcsc most violcnt of mcteorological ap-
:.it l i t ions. In spitc of iucreasing gencral knoirleclgc
.rir(rLrt tornadocs jn rcccnt years, the intrinsic proccsses
irr ',-rlved in thcir gcncsis rcmain largely uncletcrmined,
:rrrrrnlv becausc sufficicntly dctailed observational des-
,:-ipljepc of various :spccific actions ar.c sti l l  too diff icult
: '  obtain. 1'his condition has invitcd thc promulgat-
. ' :r of many hypothcscs conceming the truc nature of
: ,r 'narlic disturbanccs, u'hich dil l 'cr basically in regard
' , thc mcchanisms proposcd [scc, e.g., Krssr.cn (,t) fcrr
.:r cnulncration of somc of thcse scl-remcsl. Since
.:r:cct verif ication is not possiblc, eacl'r scicntist lnusr
: 'r 'rrr his own judgcmcnt its to which of t l.rcse arc
: : : , , . t  p l i rus ib lc .  The prospcct  is  that  th is  s tatc  of
, : l . r i r -  wi l l  cont inuc,  at  lcast  lbr  somc t imc to comc.

It must bc rccognizcd, howcver, that rvhat may
.;'r.eur plausiblc or in-rplausiblc dcpcnds nor only upon
.:r ' l .tr<r$'lcdgc of lacts conccrning thc tornado phe-

:: \nlcnon itsclf, but also upon cxtl ' insic f-actors such
- rjur qcncral scicntif ic knowlcdgc, and evcn morc

-:,::ctl1', our knowlc-clgc conccrning othcr instanccs of
'  t , r t iug f lu id systcn,s in  the atmosphcre and c lsc-
,  : r r re .  

' fhus,  
as i t  happcns,  a l though our  in format ion

' , : . r rd ing requis i te  deta i ls  of  rornado st ructurc has
:: ,,.r 'n i- lut slorvly, much progress has bccn madc for
. . . . r rnplc  in  spcci fy ing thc pr inc ipal  act ions maintarn-
:.: thc dif lercntial rotarion of the atmosphcrc as a
,..:,r le . I lurthcrmore, ntlt only havc quitc succcssful
.:.t ircmatical models been made of the atmosphc-
' , ccn!'ral circulation, but also laboratory fluid modcls
-., ' .c bccn constmcted whrch duplicatc thc main ac-

r. involvccl. ! i le thercibrc find oursclves in a nerv
- :.eptual enr,ironmcnt from which we may view
. : :erh the physical  problem posseci  by thc mechanics
: rhc tornac'lo circulation.
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his is not to say that many of thc models which

already exist in the l iteraturc do not present valid
points which arc known or may provc to bc correct.
Howevcr, as far as esscntials for complctcncrjs go,
probably no exis;ting rornado model, whethcr of the
nathcmatical or laboratory kind, is rcally adcquate.
The plcscnt purpose is thcn ro suggest somc physical
t-caturcs rvhich may tufn out to be prcciscly thc nccded
additional ingrcdients. Thesc lcatures describcd bclrlv
are of such a naturc as to suggcst that cir.culations
cor.nparablc to thc natr"rlal oncs tbuncl in a tornado,
cxcept rcstrictcd in vcrtical cxtcnt, may l. lossibly bc
capable of being init iatcd arti l ici l l ly, through thc
uti l ization of a properlv dcsignccl and c'ngine-t-red,
man-madc stl 'ucture. 'I-hc 

actual ust- tbr such a dcvicc
woulcl bc as a primc novcr to producc porvcr for
commercral nccc'ls. -fhc 

cnergv sollrcc rvould der.ivc
lrom the latent hcat of conciensing watcr lapor.

z : .l(egalitre z,r-scoir.r u c' t i tttt i tt t: (t ilz,cL t i z,c r_1'JrcrzJ.

During thc tr-rs51 tq'o dccaclcs or so i t  has comc to
bc known in mctcorological (ancl to sorr\e dcgrce
astrophysical) ci lclcs that concentlat i()ns of angular
mon]entLrm in I  rotat inl l  f luid systern can bc brought
about and maintaincd by a radial cddy transport of
such momcntum into thc zonc of conccntrat ion of
high rncan angular vclocity. From thc standpoint of
kinct ic cncrgv, gcncral ly speaking this implics a rrans-
formation of thc encrgy associated with thc cddy
motions into kinct ic energy associatcd rvith the mcan
rotat ion. A physical sourcc must thcletbre bc in
operation to l .rrovide thc cddy kinct ic cncrgl ' .  A
common circurnstance is that the cddy motions com-
prisc a form of thermal convcction, and are drivcn by
somc appropriate rnode of dif fcrential heating. The
pfoccss of obtaining concentrat ions of angular mo-
mcDtum in systems which opcratc in this manircr I
havc cal led negative cddy viscositv [see Slann (;),
Srnnn & Gaur (")1.

Aside lrom thesc rcl 'ercnccs, the l iterature concern-
ing eddy processes has becornc most extensive, and
the variety of natural phenomena investigated fi 'om
the present viewpoint is increasing. Nlost of the
init ial descriptions werc derived observarionally for
the case of the terrestrial atmospheric general circula-
tion. No effort can be made here to provide biblio-
graphic information, although the reader may derive
some guidance to more recent results, mainly for the
atmosphere, from articles by Srann, Pruoro & Geur



(r0); SrRnn, Prrxoro & Srrr.rs(rt); Puxoro, GRur &
RosrN (1); Srenn ('t, i , 8).

In our atmosphere the large scale convection ex-
presses itself in warm poleward and cold equator-
ward currents separated by fairly large sectors of
longitude, which produce a net transport of heat away
from the more tropical regions. Due to the coriolis
effects and other factors, the poleward branches also
carry more angular momentum than do the equator-
ward return currcnts. As a result angular momentum
accumula.tes in a belt of circumpolar meau westerly
winds in each hemisphere and corrcsponding bclts of
mcan castell ies near thc eguator. Thc warnr polcward
currcnts hai'c also a small uprvard vciocity, rvhiie thc
cold c-quatorward flows dcsccnd as they procecd. In
this way thc warm air riscs to higher geopotcntial
lcvels n'hile thc cold air sinks to lowcr ones - a
neccssary condition for a conlt-ctive proccss rvith
respcct to the ficlt l of tcrrestrial gravity.

Although onc might usc othcr systems to cxcmplify
this kind of conr,cctive action, such as that in a rotat-
ing labolatorv model [scc Htor & MasoN (r), for
instancc], the atmospherc is perhaps oire q'hich has
bccn studicd the most. Without going thrthcr afield
in this general arca, wc shall thcrcforc attcmpt to look
upon thc tornado circulation as hirving a basic mcch-
anical similarity to what has becn clcscribcd. It is
immecliatcly clear that new conccpts must be intro-
duccd bcyond rvhat is picturcd as taking place in a
tornado according to thc more common vicws of thc
sub j cc t .

3: I 'hc tornctLlo rorter.
- l 'he 

most  obvious immcdiate tact  in  regard to thc
tornaclo vortcx i i rhat it r(-prc\!nts an intense con-
ccntration of angular momentum around its axis. 

-fhc

latter nccd not be vertical, but instead may bc evcn
practically horizontai lbr a portion of its lcngth. For
simplicity in thc first instancc, wc nray however
consider a vcrtical lornado tbr our modcl, exccpt as
othcrwise necessary. It is convcnicnt to devclop thc
cliscussion by cnumcrating a numbcr of individual
arguments concerning various aspects of thc problcm.

a) Thc primary question is how thc observed high
conccntration of angular momentLlm about the axis
is achic",ed and maintained. It sccms improbable
tlat coriolis forces acting on a symmetric convergence
of mass can gcncrate it. Also, such convergence
acting in combination with a prc-existing region of
strong relative cyclonic vorticity, although a more
plausrble explanation, sti l l  has many diff iculties as
regards vertical motion in the vortex tube and other-
wise. We therefore propose to examine the hypo-
thesis that there exists an inward eddy flux of angular
momentum from the environment into the vortex.
The necessary eddy-type velocity distribution would
then be present on cross sections normal to the axis,
with the familiar t i l ted trough and ridge formations.

4

The effects of the drain of angular momentum from
the environment, i.e. a decrease in cyclonic rotation
or an appearance of actual anticyclonic rotation, would
not be marked because of the large radii involved. At
a given instant not all cross sections of the vortex tube
would necessarily be active, of course.

b) The quasi-horizontal inward and outward eddy
components of motion would again comprise a mode
of convection with certain distinctions, however, as
compared with the gencral circulation process in the
atmosphcrc. First, thcse actions would take place not
with rcspcct to thc earth's gravity f ield, but with
respect to a substitutc. This substitute is the out-
ward centrifugal force of the mean rotation, perhaps
two ordcn of magnitude largcr than true gravity.
Secondly, thc basic thcrmal a-qymmctrics between thc
inward anr,l outward flows would bc providcd b1' the
relcasc of latcnt hcar of water \raoor, preferentially in
thc inward moving air. Furthcr essential aspccts of
thc thermodynamic proccsscs becomc diff icult to spc-
cify a priori, and must aq'ait further study latcr.

c) Under thc prcscnt vicws the sourcc of cnergy
for thc tornado circulation is thc laterrt heat of con-
densing watcr vapor. This encrgy can bc l iberated at
all cross sections ofthe vortcx tube, so that thc driving
process cali takc place along its entire lcngth, if moi-
sturc conditions etc., arc propcr. It rnay be notccl
that thc proccss describcrl can trke placc equally rvcll
along stretches of the tube that are morc or lcss hori-
zontal - or even at an anglc slightly invcrtcd, as
might somctimes happen. 'I-his 

tbllows, sincc thc
encrgy rclcasc does not involve truc gravity, nor docs
it involvc thc coriolis force (dircctly at lcast). ' l 'hcsc

forccs no doubt arc of importancc in sctting the stage
in thc atmosphere for thc init ial gcncsis of thc tornaclo,
holvevcr.

d) Thc hypothcscs hcre prcsupposcd lcad us to
a vicrv of the sufficiently rnoist atmosphere as bcing
in a scnsc a potentially explosivc mixturc, mechan-
ically speaking, becausc of its Iarge latent cncrgy
contcnt. It requircs but l i tt lc computing to show that
if ro grams of moisturc associated with r kilogram
of air were to bc condcnscd, anci the entirc rcsulting
latent heat l ibcratcd werc converted into kinctic c-
nergy of translation of thc kilogram of air) thc velocity
lvould be inordinately largc, i.c., about zoo m sec r.

Wind speeds in tornadoes are normally much less,
though concentrated gusts can be as large or larger.
The important question concerns thc manner in which
the energy release mechanism can be triggered, so as
to init iate a spontaneous cataclysmal reaction. That
this does happen in nature with devastating results
we know to be true. Can we perhaps penetrate some-
what beyond what is commonly said about this sub-
ject and put together a more detailed picture?

e) The initiation process, as we know, takes place
in a mammato structure on the under surface of a
storm cloud. This formation is likely due to extre-
mely unstable conditions. We suppose, as in many



traditional discussions, that due to the presence of
cvclonic vorticity in the vicinity of shear zones, where
trthcr conditions also are proper) a mild local rotation
J*'elops somelvhat by chance in the vicinity of the
jcpendent bullate cloud. This we now say u.'ould
.ause a mild local depression of isobaric surfaces,
:nd bring about the introduction of a small component
,.i gravity substitute, in our terminology. The rather
:urbulent convecti\re action on a smaller scalc can
:()\\ '  havc a component radially inward and outward
aorrntl to the \rertical axis at the center. The negativc
:JJv 

"' iscous 
action can now takc hold and conccn-

::ltc angular momentum near to thc axis. This
.:rr.rrrd momentum flow takes place at thc expcnse
': 'thc visiblc outer portions of thc bulla wherc l itt le
- . i. icnce of rotation is to be scen at this stage.

()ncc this init ial " ignirion;r stagc has becn rcached
,:J other conditions are propcr, a small intensc vortex
.::r 'clops rvithin thc cloucl and achicvcs perforation
':.:ough thc lower surfacc by a furthcr downward
-.: '- ignition proccss into the othcrrvise oftcn cloud-

'::, '  rri l  bclow. 
'fhc 

shapc of thc tornado cioud now
.'unrc\ thc lbrnr of thc familiar funnel. If moisturc

- ::Jit ions arc propcr this pointing stagc is surpassc-d,
: -: the self-propagation continucs to extcnd itsclf
: . i  nrvard, perhaps to thc surfacc. The important
' - .: ' , urc of the prcsent vierv is that the clorvnward
. i . : rn \ ion proccss must  bc nour ishccl  by an adcquatc
-:Jrt hcat supply at each level that the vortcx pcne-

' - , : . . .  through thc ( local )  agency of  radia l  cor tvect ivc
-- : : ' ,n  and thc negat ive (moist )  eddy v iscous process.

' ' l 'hc 
downward lowcring of the vortex by the

.-::,,r ' !\ dcscribcd abovc necd not bc strictly vertical,
- . rhc boring cfiect might bc dcflcctcd by inhomo-

: , : . : i t ics in  the a i r ,  or  thc vor tcx tubc might  b l  bent
. -:- '  a. a rcsult of largcr scale wind conditions. By

- ,: ing u'e do not mean that there is a fcc'ding
.. nri.ard of thc main cnergy nccded, as has bcen

. -:. cxccpt for a srnall such transport of what we may
.. ignition energy ". It is probably significant for
- - -ehcnrc being prcscnted in this papcr, that near
- - irrth's (lcvcl) surface the axes of tornado vortices
.:-. i to be vcrtical. This follows bccause ncar the
--::cc thc eddy motions (which presumably cxtcnd
::-.: radial distance outsidc of the vortcx proper) must

.r.uasi-horizontal and are therefore incapable of
-.rorting any but an essentially vertical vortex tube.
. ' .\pparently the birth of tornadoes takes place

-.i j : or at the condensation level, as has been described.
-: :. conceivable that upon occasion this level is rather

ri. ro that even the somewhat vague early stage is
: !: jr icnced at the ground. In such cases a well
:::nized vortex may ne', 'er be formed. The init iation

:::-:npl is abortive, but even so damaging tornadic
..:. i . m8y befall a small region for a brief period of
=..: during a strong thunderstorm. In such a case
:J dncrgy for the disturbance probably originates
: :- ' .t lv in the low layers, from moisture available in
'  : :  r ' ic in i ty .

/z) Some tornado vortices, when visible, present a
ragged, turbulent appearance. In these instances pro-
bably the condensation level is low and the air even
close to the surface is almost saturated. The inward
turbulent eddy motions soon reach condensation, even
with a small penetration of the vortex, since only a
slight adiabatic pressure decrease suffices to cause
saturation. Under such circumstances the tornadic
engine develops a high horsepower output, especially
near the surface where it performs a large amount
of shaft work against grounci friction. On the other
hand, somc vorticcs have a smooth appearance espc-
cially in their middle and upper rcaches. Thc very
fact that thcse segments are visible probably signifies
that the ambicnt air is not closc to saturation. The
funncl cloud thcn is found only ncar to the axis of
the vortex, and the vigour of the radial turbulent
eddv motions is minimal. Thc scgmcnts of the vortex
tube involvcd arc opcrating under a throttlcd down
condition, gc-nerating only a small horsepowcr output
so to spcak, commcnsulatc with a low shaft rvork
dcmand during an idling situation. Of coursc thc
inner radii of thc vortex, which rotatc with a high
angular spccd can appear much smoother than in
fact thcy rcallv arc.

i) Oncc a tornado vortcx is in existcncc the rotat-
ion of thc carth docs not cnter significantly in thc
cnergy aspccts of its circulation, although thcre might
bc othcr cflccts. Thus, so far as the preccding di-
scussion gocsJ an anticylonic tornado is not excluded.
Howcver, its init iation would requirc a much less
likcly sct of circumstances than for a cyclonic onc,
although by a suitable accidcnt thcy may on rarc
occasions arisc [sce, e.9., Cnowr.[y ( ')1.

4: Artificial generatiott ttf a rornado-]ike aortex.

This proposition is rendcrcd fcasiblc in terms of
thc foregoing theory rvhich pictures the tornado as a
mechanism sui gcneris, which excmplif ics the rathcr
dircct conversion of latcnt heat of water vapor into
vigorous and conccntratcd kinctic energy. 

-lhc 
fact

which is important prescntly is that according to the
r,iews described thc kinctic energy fbr cach segment
of thc vortex tube is generated in situ, cvcn though
there may be certain equalizing ptoccsscs among the
scgmcnts to producc an articulate whole structurc
for thc entire vortex tube. Thus thc low prcssure
at the axis of a segment must connect with that of ad-
jacent segments unti l at the uppcr reaches the ambient
atmospheric pressure is low enough for the vortex
tube to open out. At the lower end the chain effect
of self-ignition lowers the small end of the tube to the
ground or with, say insufficient moisture> the end
retreats upward.

Clearly then, in an engineering attempt to generate
the tornado type process under controlled conditions
one must deal rvith only a segment of the vortex tube,
and the problem of the end conditions must be dealt



with in some satisfactory manner. All that we can
do in this discussion is to offer one suggestion in this
regard, being mindful that it might serve merely as a
point of departure for much further comment later.

We may start with a rudimentary design for a
latent energy porver plant. For reasons of conven-
ience in construction the smallest practical size of the
structure should be envisioned. So far as is knolvn
the smallcst diamcter of bona fide tornadoes in the
atmosphcrc is about 50 metcrs [sce picture in Ency-
clopcdia Britannica, r96o ed. under TonNalo]. \Wc

may assumc this size for our purposes, although sti l l
smallcr lunctioning ones may perhaps be possiblc.
Thc lcngth of the (i 'crtical) scgmcnt to be uscd should
probably bc much larger, say about 5oo meters. Thc
main working part of the installation woulcl bc a
vcrtical rotor in thc fot"m of a largc spool having thcsc
dime nsions and a stcrn cliamctrl of pcrhaps tcn fi\ctcrs,
mounted on bcarirtgs so that it n-ray rotat(: about its
long axis. Small radial in-rpcllcls might be neetlcd,
aflrxcd to thc stcm to incrc:rsc frictional intei 'action
witl.r thc surrounding moist ati losJrircrc.

Thc mocle of opclation is as lbllows. Asrsurring
thc air to bc of propcr high humidity, thc rotor is
givcn a suitablc ratc of soin by a convcntiollal stalt ing
motoi' of solrc convcnicnt type, to create a Voltcx in
thc cnvironment. ' fhe 

I 'ortcx would prcseltt ly bc-
comc unstablc with rcr;pcct to moist adiabatic inward
moving cddy componcnts of motion) thus crcating
a turbulcnt rcgimc in the vortex. T'he edcly motions
would thcn tcnd to cilusc an inward eddy momcutum
flux, i.c., cxhibit thc ncgatir,e cddy r.iscous phcnomenon.
Hcnccforth thc vortcx would be sclf-supportrne with,
lct us say, a pl 'cssurL- at the lotor stem of perhaps

5o-Ioo nr i l lbars bc lorv thc amlr icnt  atmospht  ' ic  pr t r -
surc.  Thc (p lanc)  rotor ' f langes woulc l  1) fevent  a
fi l l ing of this partial vitclrum fiom thc top or bottom.
Porvcr takc-ofl w'ould nolv bc madc from thc rotor,
sir.rcc the latter rvould be driven by thc sclt--sustaincd
voi  tcx.

Thc moist ecldv turbulcncc would continuously ex-
changc air l iom which water vapor has bccn squcczed
out by thc convcctive aspect of this turbulencc, fbr
morc moist air from thc cnvironment. Vre assumc
that thc cnvironment has a continued ncw supply of
moist air (a natural breczc might fccd it to thc plant
sitc from the up-u'ind clit 'cction). Thc condcnscd
frcsh water woulcl be flung outward frorrr the vortex
in the form of drops and coulC bc collccted by some
appropriatc catchmcnt structurc.

Numerous items of intcrest ancl of crit ical cletail
are naturally brought into focus by the material which
has been outl ined. Some of thesc mav be l isted as
follows.

r) How sure are we that a power plant of the kind
described could, at least eventually, be made to work
as indicated? In a subject so complicated as the
natural turbulence in a tornado - of which our device
can be only an approximate artificial analogue -

6

nothing can be really certain. However, our view of
tornado mechanics has many features which commend
it as realistic. If in picturing the experimental analcgue
the essential ones are not sacrif iccd or compromised
excessivelv, the model should work, although its
perfecting and construction would bc a rather imposing
project to contemplate. I-Iowever if we are to find
new sources of power, installations of large physical
size no doubt wil l have to reccive consideration in many
of the noi'el processes which cloubtless wil l be envi-
sioned, not alonc thc onc projectcd hcrein.

z) Why cannot srnall scaled-down laboratory ver-
sions be madc to test ollt the prospccts of succcss for a
full scalc modcl? All manncr of'prcliminary cxpcri-
mentation, evcn perhaps somc at f irst unlikcly looking
in', 'estigations, shorild bc madc in ordcl to csanrinc
the subject ai thci 'oughly as possiblc, sincc if f inal
success can br: attainc'd, thc importancc of thc rcsults
woulci ju.ct: ' fv thesc cllbrts. Onc problcm in scalcd-
dov"n n.rodcl:; would be whcther l iquid uatcr (or drops
of othcl waier-subsrtitute) could bc lcrr.lovcd from thc
vortc)i to prevent rc-cvaporation which wor.lcl i innul
thc energy r:clcar;ing action.

3) Cor"rld mathcmatical modcls bc made of thc tur-
bulcnt cnergy relcase process in thc moist air? No
doubt cncc thc physical actions are l inown in grcatcr
detail through physical thinking, morc observation of
prototypcs and lrom various kincls of cxperimcntation,
manv forms of n-rathcmatical trcatmcnt i,vi l l  contributc
to an increascd knor.vlcdgc of such turbulcncc proccs-
scs. Unfortunatcly numcrical rnodcls involving con-
dcnsation phcnomcna arc diff icult to malic, r 'cquil ing
cxtremely finc grid mcshes.

,1) Most sourccs of comnrcrcial powcr uti l ize lbssil
fuels which rcprcscnt storcd cnergy in somc tbrm.
Nuclcar powcr is an cxccption. V'atcl power on thc
othcr hand uti l izcs morc rcccntly rcceivccl solar encrgy
storcd in the l iquid hydrosphcrc. Latent encr€ly re-
prescnts solar cncrgy acquirerJ most reccntly and
storcd in thc gaseous hydrosphere. Its supply is
continuously replenishcd and is convenicntly availablc,
although somc gcographic arcas havc rclatively richcr
supplies of it than othcrs. Its uti l ization would makc
but l i tt lc impression on thc supply available, bccausc
of its rapid rcgcncration. Also, no particular pollu-
tion problem should accompan)' its use as outl ined
above, sincc thc by-product is fresh watcr at closc to
normal tcmperatures - an incrcasingly valuable com-
modi ty .

5) Power output estimatcs are diff icult ar bcst for
our plant. Some conditional notions may however be
made to indicate at least some potentialit ies. Let us
assume that under load conditions the vortex condenses
out one kilogram of water per second for each one
meter of vertical distance along the central axis
- seemingly a possible expectation. The total for the
entire height is therefore 5 )i ro; gm sec-l. The corre-
sponding latent energy release is roughly 3 x r o8 cal sec-r
or about r.2J ::. roro erg sec-r. At an efficiency of 4



-J:ccnt this is eqr"rivalent to an output of 5o mega-
r:tts, which is ccrta.nly an acceptable amount,

6 No doubt thcie is a minimum water vapor
- rtr-nt of air belorv which a given design of a latenr
::r 'rgv power pl:nt could not function properlv. Thus
-.:natological factors would be of prime irnportance
:. locating plant srtcs. It of course does not follow
'.-:t thc most fa\, 'ored locations would be those having
-.:hcst frequencies of tornadoes. Tornado occur-
-.:;c dcpcnds not only upon high moisture but also
-:.rn thc triggering opcration which is providcd na-
-:: l lv hy rathcr inlicquent proper combinations of
:::.r '  nicteorolog;cal l 'actors. The second of thcse

,:.,rlt l  not bc necd,-'d iu the casc of thc powcr plant as
- ,n statcd alrcady.

- Thc cquipme nt describcd for thc gencration of
-. ' ,\cr' \{as suggcsted to me partially through efforts
' Jcsign a machine to produce fresh water from
-::r,r 'phcric sourccs [scc SraRn, ANart & Sarsrttu ('3)
. : . - i  S. rann,  ANnrt  & Gnur ( r2) ] .  In  ordcr  to bnng
:.: to its adiabatic condcnsation prcssurc, a large
, : l ica l  l i l t  was needcd) i .e . ,  about  r -2 km) so that  the
.:: ic;rl tube used would havc to bc of ar least sorne-

; : ir grcater hcight. Thc only way to climinate this
- :hlc secms to bc to use a gravity substitutc as we
-, . r donc herc. Parccls of air migrating inward may
' - - r  cxpcr icncc thc rcquis i te  drop in  pressurc bv
-' ". ing a much shorter distancc, if the gravity sub-
:.:urc is sull iciently largc. Since a practical neans
: Joing this is to usc thc centrifugal force in a strong
:rrs. the l inkagc with tornado mcchanics is an

- rous one. On thc other hand, thc possibil i ty of
: ,Jucing an organized pool of kinctic encrgy from

: ::ulcnt cddy form through thc agcncy of thc ne-
' - : : r 'c  

cddy v iscous phenomcnon has long becn a
i:-.-g6111'lt3ti6n of mine. My long quest for a mcans of
- :: ng it to gencratc power in substantial amounts
-'- at lcngth now prospercd somewhat, although what
-.. bcen said hcre is of coursc but thc mercst of
-.: innings. Moreovcr, we must in any cvcnt rcco-
-::zc that therc may bc othcr methods by which latent
;:rrSl' can bc uti l ized fot thc gencration of powcr.
':. i  .\ ly colleague, Dr. NonlraN E. Geur, has sug-

-rcd to me that the type of plant described above
:-:ght be advantageously combincd with a conven-
:-(\nal thermal or, perhaps more especially, with a
i:uclcar plant. The point being that the rejected heat
:.:,.m thesc latter could be used to enrich the input
: ' : thc latent energy plant, so that the total over-all
::fcct of the system would be to secure an
::hlnced efficiency of power production and a de-
-:rasc of heat pollution for the entire environment.
r:ud)' of this question might show also that an en-
::;hc-d input for the latent energy component can
::Jucc its minimum necessary size for a given output,
:rJ make init ial tr ial construction less expensive.

9' All methods of high output power generation
-rrr] '  a risk of accidents with possible loss of l i fe and
j.\truction or damage of property. In the case of

our projected latent energy plant, besides other risks,
there could be a danger that under structural collapse
the tornado-like vortex would escape into the atmo-
sphere, forming an actual tornado to ravage the sur-
rounding countryside. Not much can now be said
about such eventualit ies - presumably the risk could
be reduced by proper safety measures.
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Sunnary -  A dynamic mcchanism for  thc gencsis
and maintenance of  the tornado is dcscr ibed and conrparcd
rv i th var ious known facts of  observat ion.  The v iew is
takcn that  the c i rculat ion dcr ivcs i ts  energy f rom the latent
hcat  of  condensat ion of  watcr  vapor.  Thc k inet ic  cnergy
appears f i rs t  in eddy lbrm as a product  of  moist  convect ion,
not  wi th r ! 'spcct  to thc earth 's gravi ty but  wi th respect  to a
gravi ty subst i tute which is  much larger,  namely the cen-
trifugal force of the mcan tornadic circulation itself. The
cddy k inet ic  energy is  then t ransformed into the k inet ic
energy of  the '  mean c i rculat ion through the wel l  knorvn
negar ive eddy v iscous process.  Each segment of  the tor-
nado vortex tube can thus generate i ts  own energy supply
in s i tu.  A proposal  is  madc that  the tornado mechanism
out l ined could be in i t iated and contro l led in a proper ly
engineered iatent  energy power p lant ,  for  the commercia l
generat ion of  e lectr ic i ty .  Using the smal lest  d iameter
vortex observed in natural  tornadoes ( i .e. ,  5o meters)  and
a vert ical  segment height  of  5oo meters> a very crude
est imate of  the output  is  of  the order of  50 megawarrs.


