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One o f  the  fac to rs  inh ib i t ing  the  growth  o f  smal l  convec t ive

cel ls in the atmosphere into ful ly developed thunderstorms is

the  en t ra inment  o f  a i r  f rom ad jacent  co lumns in to  the

otherw ise  buoyant  co lumn o f  a i r .  S tommel  [1947]  f i r s t

p roposcd th is  k ind  o f  en t ra inment  in  cumulus  c louds ,  and

Squires and Turner [1962] invcstigated quanti tat ively this

er l ' cc t .  showing tha t  the  en t ra inment  cons tan t  a  var ies  in -

vcrse ly  w i th  c loud rad ius .
\! ' i rh the purposc ol enhancing the vert ical convection and

consequent  water  re lease,  S tar r  and Anat i  [197 la ,  b l  and la tc r

Stur r  e t  a l .  |9721 inves t iga ted  the  poss ib i l i t y  o f  p revent ing  the

above-ment ioned la te ra l  cn t ra inment  by  means o f  a  tube o l '

Ia rge  d imens ions  rv i th in  wh ich  the  updra f ts  wou ld  no t  su f l . c r

the  damaging  e f fec ts  o f  ad jacent  a i r  co lumns.  The namc
'aero log ica l  acce le ra to r '  was  proposed fo r  the  dev icc .  I t  works

on the  pr inc ip lc  tha t  there  is  pc) tcn t ia l  energ- " -  in  thc  a t -

mosphcre  bccause o f  a  bas ic  uns tab le  lapse ra te .  G ivcn  thc
p iopcr  cond i t ions ,  th is  po tcn t ia l  encrgy  can be  conver tcd  by
bLro- r  un t  fo rces  in to  k ine t ic  enerey  o f  ver t i ca l  mot ions .
Fur lhermore .  such vcr t i ca l  mot ion  o f  a i r  wou ld  causc  condcn-

s . l t ion  o f  rva ie r  vapor  w i th in  the  a i r  abovc  the  pressure  lcve l  a t
' . i h i c h  t h e  g i v e n  a m o u n t  o f  w a t c r  v a p o r  s a t u r a t e s  t h e  a i r .  T h c

proce\s  i s  se l f -sus ta ined and needs no  ex t€rna l  encrgr .  g iven

su i teb le  sound ings .  i \ l l  tha t  i s  requ i red ,  under  favorab lc  a t -

nospher ic  cond i t ions ,  i s  a  t r iggcnng mechan ism,  such as  a
hc l t ing  o f  the  lowcr  a tmosphere  bv  the  grecnhousc  c f fec t  in -
, luced by  so la r  rad ia t ion .

i :o ) lo rv ing  thc  h rs t  s rud ies  in  connect ion  w i th  thc  opera t ron
t r f  thc  aero logrce l  acce le ra to r ,  a  number  o f  in te res t ing
q u c s t i o n s  r v e r e  r a i s c d  d u r i n g  d i s c u s s i o n s  w i t h  v a r i o u s

:o i leagues.  Thc  fo l lo rv ing  po in t  rvas  f requcnt ly  b rought  up .

Thc  proposed dcv ice  takes  advantage o I  po ten t ia l  enersv  o l '

the  lower  a t rnosphere  due to  an  uns tab lc  lapse r r tc .  and th is  i s
t h e  s a m e  k i n d  o t ' c n e r e y  t h a t  d r i v c s  n a l u r a l  c o n v e c t i v e
pr -occs jes .  l s  i t  thc re fo re  reasonab ic  (o  expec t  tha t  an
: le ro log ica l  accc le ra to r  rv i l l  opera te  poor l l  dur ing  the  dr .v ' ,

s i ; r i L ) n s  r n d  p e r h : r p s  p r o d u c e  l a r g e  i r m o u n t s  o f  w a t e r  c l u r i n g

t l r ;  pc : iods  t r  hcn  w: t tc r  i s  abundunt  in  an ,v  c l rsc  b r  n l r tu ru l

a : ! ' , ' j : ) s s l  , \ r q u m e n t s  r v e r e  b r o u g h t  f o r t h ,  l o l l o w r n g  t h e  s a m c

l ; : .e  i , l  reuson inc .  tha t  a  ver l  a r id  reg ion  r , 'hs1s  \ \ l l t c r  p r \ )duc-

i : r . . r  u t r r r ld  bc  in r rs t  bcn" ' f i c i : r l  r rou id  s t lnd  l i t t le  ch l rnc t  t t l

I lod ' - : ' : :  rnv  rc : rs r tnuh lc  quant i t l ' o l  \ v l t c r  f  iom ur r  i re rL l log ic i i l

\  \ \ !  u l  D .nJ r l n r cn i  o t  Phys i cs .  \ \ ' . r r z rnann  I n . : i t u ; e
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The el icct iveness of  contro l lcd atmospher ic convect ioo is  analyzcd in uurrPJt isr) r l  io  nf , Iural
precip i tet ion at  f ive di tTerent  locat ions on the gl t - rbc.  Thc.rcrological  ueeclcrator .  u vcr t ic : r l  tube ol - lurgc
height  und diameter.  prcsents a mcthod tor  removul  o l  wJt .cr  vupor l ront  u i r  bv vcr t icul  convccl . ior t .  [ 'hc
ques t i on  o I  whe the r  a  pe r i od  9 [  l ew  p rec i p i t a t i on  i s  a  pe r i o t l  o l  l a vo rab le  o r  un l i vu rub l c  cund r t i ons  l b r
product ion of  wdter by the aerological  accclerator  is  exuminvd.  ln addi t ion,  a protot lpc o l  thc dcvise is
presented.  namely.  a dccp mine shuf t  thut  produccs wutcr  upon condcnsat ion in lbrr ;ed vcr t ical ly  r is ing
a  i r .
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accelerator. The val idity o[ these argumcnts would therefore
l imit or el iminate the usefulness of the aerological accelerator.

I t  is the twofold purpose of this short study to e,r,amine these
arguments  and to  demonst ra te  an  ac tua l  ex is t ing  pro to type o f
the acrological accclerator. l f  the reason for the lack of
p rcc ip i ta t ion  were  mere ly  'poor  s to rage o f  energy , '  w i th
respect to convection. the objections raised above would bc
cons iderab ly  more  va l id .  On many occas ions ,  however ,  an  a i r
parce l  happens to  be  loca l l y  s tab le ,  a l though i t  wou ld  reach a
leve l  o f  ins tab i l i t y  i f  i t  were  l i t ted  h igh  enough.

The eventua l  pa th  o f  the  ground leve l  parce l  o f  a i r  ( ra ised
f i rs t  ad iabat ica l l y  and then a long a  pseudoad iabat )  may be
compared in  th is  respec t  to  tha t  o f  a  ro l l ing  s tone p laced on  the
top  o l  a  h i l l .  In  sp i te  o f  thc  lac t  tha t  ample  po ten t ia l  encrgy  is
av l i lab le  the  s tone may be  prevented  f rom ro l l ing  downrvard
by  ccr ta in  i r regutar i t ies  in  the  contour  o f  the  h i l l .  such  us  ho lcs
and bumps tha t  c rea te  loca l l y  s tab le  cond i r ions  lo r  thc  s tonc .
Thc  tube o f  the  aero log ica l  accc lc ra to r  smooths  the  way lb r
thc  a i r  parce l  th rough invers ions ,  po in ts  o fs t rongcr  la te ra l  cn-
t ru inmcnt .  and o thcr  inh ib i t ing  tac to rs  and is  thus  ana loguu.s
to  a  smooth  downh i l l  road pav ing  an  easy  way fo r  thc  s tone to
ro l l  down und is tu rbed.  l I  thcse  lac to rs  a re  indeed impor t rn t  in
prevgn l lng  convec t ive  processer .  i t  i s  qu i te  poss ib lc  tha t  dur ing
a par t i cu la r ly  d ry  season the  po ten t ia l  cnergy  ava i lab le  i s  am-
p lc  lb r  convec t ion  bu t  cannot  spontancous ly  bc  rc lcusc t l
because o f  var ious  invers ions  and o thcr  such inh ib i t ine  fac-
to  rs .

Much bcnc f i t  i s  no  doubt  ga ined by  cneck ing  c l l  poss ib le
avenucs  and cons ider ing  the  mcr i ts  o f  var ious  spccu la t ions .
Nevcr thc less ,  none o f  these theore t ica l  cons idcra t ions  can g ive

us  thc  conf rdence tha t  d i rec t  observa t ions  are  ab le  to  g ivc .  l t
was  there fore  dec ided to  ( l )  p resent  an  ex is t ins  mode l  tha t  has
nrany  s imi la r i t ies  to  the  proposcd aero log ica l  acce le ra to r  und
(2)  comnare  cond i t ions  fo r  convec t ion  in  an  aero lug ica l  accc l -
e r l to r  rv i th  recorded ra in fa l l  a t  severa l  loca t ions :  Brorvns-
v i l le .  Teras .  where  l  s tudv  has  a l ready  been donc  fS tar r  e t  a l . .
1 9 7 ? l  u n ' J e r  n a t u r i . r l  l n d  a r t i h c i i r l  c o n d i r i u n s :  K r n g s t o n ,  J a -
rn r r i cu .  whcrc  na tur l l  o rograph ic  cond i t ions  ure  vcr )  sur tub lc
i u r  h i g h  c o n s t r u c t i o n s  o f  t h i s  k i n d :  A d e n .  a t  t h c  s o u r h e r n  r i p
o f  t h c  i \ r l b i : i n  p e n i n s u l a ,  o n e  o l ' t h e  m o s t  e r i d  i o c a t i o n s  i n  t h e
r ro r ld  tha t  has  u  r ld rosonde s t . t t ion :  Doua i r .  Cameroon,  o t - l '
t h e  C u l i t r l ' C i u i n c l ,  a  r e q i o n  o t c \ t r e m c l v  s r e a t  r r i n i r l l  r t  o v e r
. l -100 mm/) r  r " i th  un  - rver rqc  spec ihc  hLr rn rd i t l  o i  ! .q  g ,kg  a t
t h r  l f X l 0 - m h  l e v e i :  e n d  K a r e u h i .  P : r k i : t r n ,  I  i o c a t i o n  * i t h , : o r r -

P ' . : ho r , r t .  s i t l c r r r b l e  hun r i t l i t , v .  l 6  g ,  kg  r ) n  t he  r r \ en lgc  l t  t nc  l t l r ; t ) - l nb

l c , .  e l .  bd t  t ' n i l -  ab t ru t  l - i f Ln rm  ann r r : r i  p r r e  i p i t a t r , r n .

I t  i s  seen  t h . r t  t hcsc  i j r e  p l l c l ;  t j i r i e r  cons r r l e r l ' o l v  i r on r  : uch
I  l \  t  a
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( ) thc r  rnd  covcr  qu i tc  a  ! ! ide  rangc  in  the  na tura l  cond i t ions
c lomein .  A  compar ison be tween the  ra tcs  o f  p roduc t ion  o f  the
lc rer iog icu l  accc lc ra t .o r  a t  thcsc  locar ions  was thus  cons idercd
to  be  very  ins t ruc l i ve .

Co l r  en t rsoN

The source  o f  rad iosonde da ta  was a  se t  o f  m ic rocards
purchascd d i rec t l y  f rom thc  Wor ld  , \ le teoro log ica l  Organ iza-
t ion  ccn ter  in  Cencva.  The source  o f  da ta  fo r  p rec ip r ta t ion  was
the  Wor ld  Weathcr  Rccords ,  l95 l -1960,  lU .S.  Depar tment  o f
Commerce, 1962).

The fo l low ing  equat ion  is  used to  de termine the  resu l ts  a t
the top surlace of the aerological accelerator (see appendix for
der iva t ion  and symbols ) :

' ^  -  ' \ '  2 H  
" s( ( r , ) " " ) '  :  17r \ !L

; * -  * ( ' ) . - ( ( ' " ) ' ) " '

The le f t -hand te rm is  the  advec t ion  o f  ver t i ca l  momentum
across  the  top  by  the  mean va lue  o l  the  ver t i ca l  mor ion .  Thc
l i rs t  two te rms on  the  r igh t -hand s ide  are  the  ga in  o f  momen-
tum due to  buoyancy  and the  loss  o f  momentum due to  f r i c -
t ion .  respec t ive ly .  The las t  te rm on rhe  r igh t  i s  the  ver t i ca l  eddy
t ranspor t  o [  ver t i ca l  momentum across  rhe  top ,  wh ich  may be
d is regarded as  be ing  much smal le r  in  magn i tude than rhe  le f i -
h a n d  t e r m .

Fur thermore ,  i t  w i l l  be  assumed tha t  ( r )s  =  Ca(pw2)s  can be
approx imated by  Co iprs ( (w)s) ' ,  and  the  fo l low ing  re la t ionsh ip
is  ob ta ined:

' i!,r,ror"r(,)')' + ((,,)' ')' : Hs Ut---C:
Pr

The r igh t -hand tc rm o i  the  above is  rhe  huoyancy  B o l '  a
co lumn o f  un i t  a rea ,and {p rso(w) ro  i s  the  t ranspor t  o f  mass  T-
in  the  ver t i ca l  d i rec t ion .  I f  rve  3s5um.  tha t  ( lb r  con : idc ra t ions
o f  a i r  m a s s  t r a n s p o r t  o n l y )  f ,  i s  c o n s t a n t  w i t h  h c i e h t ; ,  t h c n
I , ,  -  (p , ) - \o (w, )so  =  ip )s , !w)so .  Wi th  th is  approx imat ion  and
d e n o t i n g  l i [ 2 H C p i R t p , s  +  ( l i p , ) ]  =  p { .  r r e  h a v e

(Tr) '  = BP'P*

A computer  p rogram was dcv ised tha t  l rom prcssure ,
t c m p c r a t u r c ,  a n d  r e l a t i v e  h u m i d i t y  a t  v a r i o u s  I e v e l s  c o m p u t c s
the  aero log ica l  acce le ra to r  ou tpu ts  in  the  fo l low ing  order :  (  l  ;
the  c lens i t ies  and dens i tv  d i f l? rences  (berween ambicn t  a i r  and
t h c  h y p o t h e t i c a i  p a t h  o i  t h e  g r o u n d  a i r  p a r c e l )  a t  t h e  g i v c n
lsve ls ;  (2 )  the  dens i t ies  and dens i ty  d i f fe rences  averaged lb r
eueh Iaver  be tween the  leve ls ;  (3 ) the  te rm p* ;  ( { )  the  buo,vancv
term B:  (5 )  the  vcr t i ca l  mass  t r3nspor t  I . y  and hence the
a. . ' : ra : {c  ver t i ca l  ve loc i ty :  and (6 )  the  mar imum poss ib le  rvarc r
p c , . r d u c t i o n .  w h i c h  i s  c q u i v a l e n t  t o  ? ,  m u l t i p l i e d  b y  t h e  m i x -
i n . r  r a t i o  o i  l i q u i d  w a t e r  r (  t h e  t o p  o f  t h e  a p p a r a t u s  m u l t i p l i e d
b1 thc  top  sur f l ce  a rea .

lhe  resu l !s  o f  computa t ions  fo r  the  ca lendar  year  1958 o i
n  h1 'po the t rca l  aero log ica l  eccc le ra to r  o f  i0 -m rad ius  ex tend-
inq  ver t i c r l l v  to  70 t )  mb a t  the  f i ve  s ta t ions  cons idcred  arc

I  i q .  l .  \ r r t u r l l  r ) i - ! ' c i o i t . r t i on  ( \P )  i n  m i l l lme t c r s  pe r  l n r r n th .
, J : r r  t i i - ne  r e r t r l os i c i l l  , r c ce le rL to r  Du iou t ,  n i gh t t tmc  Jccc l c r& to r  ( ) u tpu t .
r t r i r i  l r : r l r r l  i c cc i e ra l . ( j r  ou tpu t  i n  un i t - ;  o f  l 0 ' t  pe r  mon lh  i r r e  sh t .>u6  l oy
i i ' . - - r r i i n r l J r  vea r  i 9 j t : r t  r . r : , )  B ro \ vnsv i l l e ,  Te r : r s  l j t : t t r on  l l l j ( ) ) .  t p r
l . .  l r , : \ t ' ) n .  J : r r a i c : r  l \ t l t r ( ) n  : 8 , 197 ) .  . r nd  ( c )  . - \ den  ( \ t t t i on  . 1 ( ) ) ! ) l ) .
\ . , : . r r l i l  n r - ec i p i t : r t i , r n  ( \ i ) r  . i nd  t i ) t i t l  : r c ce le ra r ( r r  ou tpu l  pe r  m t  n th  l i r r
,  ) ' ' l  . r r " ' s ] t r r r ' n  l L r r  i r l r  l ) oua la .  C -emeroon  ( s ra i i on  { . J910 ) .  und  t a r
i r : i i , J ' l i .  P : l k i : t ; r n  r : t : r t r u n  J l l J 0 i .
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shown in  l i vc  g raphs  in  compar ison  w i th  the  na tura l  p rec ip i ta -

t ion  a t  thc  rcspcc t ive  loca t ions  (F igure  l ) .  " l ' he  comput : r t ions
arc  mudr  w i th  thc  assumpt ion  thJ t  no  supersa turJ t ion  occurs

and th , r t  d rops  o l '  wutc r ,  oncc  t 'o rmed.  p rcc ip i ta te  downward .
Mc 's t  p robab ly ,  on l -v  par t  o f  i t  w i l l  p rcc ip i ta tc ;  a  l ' rac t ion  o l '

5 i . ) (b  was cons idcrcd  to  bc  a  [a i r l y  rca l i s t i c  expcc ta t iun  in  a
prev ic rus  pub l ica t ion  fS tar r  and Anat i ,  191 lb l .

F igure  la  reprcscnts  the  s r tua t ion  in  Brownsv i l l c ,  Texas .

C lear ly ,  thc  main  por t ion  o I  water  p roduc t ion  occur red  in  the
summcr  months ,  a  per iod  tha t  does  no t  havc  la rge  na t .u ra l
p rec ip i ta t ion .  In  thc  w in tc r  (October  to  l v ta rch) .  on  thc  o ther
hand.  there  seems to  be  some pos i t i ve  cor rc la t ion  be t .wecn t .hc
aerological accelerator rcsults and natural precipitut ion.

F igure  lD  represcnts  the  s i tua t ion  in  K ings ton ,  Jamaica ,
aga in  fo r  the  ca lendar  year  1958.  The cor re la t ion ,  i l  any ,  i s
negative, especial ly for the second half of thc year, where the
broad maximum in the aerological accelerator products coin-

c ides  exac t ly  w i th  the  min imum in  na tura l  p rec ip i ta t ion

observed dur ing  the  months  o f  Ju ly ,  August ,  and September .
S imi la r ly ,  the  sharp  min imum in  acce le ra to r  p roduc ts ,  accord-
ing  to  the  ca lcu la t ions ,  co inc ides  exac t ly  w i th  the  sharp  max-
imum in  the  na tura l  p rec ip i ta t ion  recordcd fo r  the  month  o f
October. This seems to disprove the theory that the two curves
should necessari ly be posit ively correlated. Here the seasonal
var ia t ion  is  min ima l  in  compar ison  w i th  tha t  o f  the  na tura l
p rec ip i ta t ion .  l t  i s  wor th  remind ing  the  reader  tha t  b_v  ar -
t i t i c ia l l y  he lp ing  the  dev ice  the  seasona l  var ia t ion  can be
reduced almost to zero, as was discussed by Starr et al.  11912,
c o m m e n t  5 1 .

F igure  lc  represents  the  s i tua t ion  in  Aden.  In  th is  reg ion
thcre  is  l i t t le  na tura l  ra in fa l l  to  speak  o t .  bu t  even herc  there
docs  no t  seem to  be  a  pos i t i ve  cor re la t ion .  Between Februarv
and Junc .  i f  any th ing ,  there  is  a  negat ive  cor re la t ion  bc tween
the  to ta l  acce ic ra to r  p roduc ts  and na tura l  p rec ip i ta t ion .  Dt r r -
i r rg  the  9  months  o f  March  to  November  thc  to ta l  recorded
r a i n f a l l  i s  o n l y  I  m m ,  a l l  o f  w h i c h  o c c u r s  i n  J u l y  a n d  A u g u s t ,
and th is  co inc idcs  rv i th  the  sharp  min imum in  the  acro iog ica l
asce le ra to r  p roduuts .  Another  in tc rcs t ing  po in t  i s  tha t  the
accc lemtor  p roduc t ion  has  a  magn i tude comparab lc  to  th i . i t  o I
thc  o ther  two s ta t ions  prev ious ly  examined,  rvhcreas  thc
nr tu ra l  p rec ip i ta t ion  is  cons iderab ly  lower .  Th is  ques t ions  the
ob jcc t ion  tha t  a r id  zones  are  no t  su i tab le  fo r  the  proposed
dru icc .  Th is  impor ten t  po in t  was  f i rs t  observed by  Pe ixb to

[1971]  when,  commcnt ing  on  the  ar t i c le  by  Star r  and Anat i

[197 lb l ,  he  wro te ,  re le r r ing  to  the  appara tus  in  ques t ion :  'Thc

ind ica t ions  a fe  tha t  a r id  zones  are  no t  necessar i l y  un lavorab le
for the present purpose. '

F igures  ld  and le  show the  na tura l  p rec ip i ta t ion  and
acro loq ica l  acce le ra to r  p roduc t ion  o f  Doua la  and Karach i ,
rcspec t ive ly .  The aero log ica l  acce le ra to r  p roduc t ion ,  horvcvcr .
i s  based upon onc  observa t ion  pcr  da ,v :  fo r  Doua la  i t  i s  u t  06
UT (06  LT) ,  and to r  Knrach i  i t  i s  a t  00  UT (0 j  LT) .

In  t .hc  casc  o f  Doua la  there  is  a  s t rong peak  be t rvcen Ju lv
and Scptember  o f  na tura l  ra in fa l l ,  and  acro log ica l  l ccc lenr t , r r
p roduc t ion  is  jus t  s l igh t ty  above the  res t  e r i  ihc  vear  on  the
l \ /e r lge .  In  thc  casc  o l  Karach i  there  is  v i r t t ra i l l  no  na tur r l
r l i n f a l l  ( l e s s  t h a n  l 0  m m  p c r  m o n t h )  c x c c p t  d u r i n u  t h c  m o n t h s
, ' l ' Ju l -y ,  Scptember .  and December .  In  acro log ica l  acce lc ru to r
c rc . i l r rc t to r ' l  we c i ln  ( )bserve  in  ih is  c lse  horv  thc  \ lu rvc  f ( ) l lows
i r t  c rc t l ien t  cc r r re la t ion  d , . r r ing  thesu months .  Hr ) \ !cvc f ,  thc re  rs
r t i s o  s o m c  p r o d u c t i r r n  d u r i n e  , \ 1  r r c h .  , \ p r ; 1 .  a n c i  \ l , r j ' .  s  h i c h
i r u o p t n s  t o  b e  t h e  s e r s o n  . r f  l r , ' r w e 5 1  r r l n t o i l  ( i c r a l  l i r r  t h e , l
r r , r n l h s  i : 0 . 0  r n m ) .  A

;
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l n  obscrv ing  the  va lucs  o f  aero log ica l  accc le ra to r  p roduc-
t ion  in  thesc  las t  twr - r  loca t ions  in  cont ras t  w i th  thc  o thcrs  wc
scc that thcy t lo not secm to support.  clearly thc previously
g ivcn  arguments  w i th  regard  to  the  ncgat ivc  cor ' re la t ion
between acce lc ra to r  p roduc t i r - rn  and na tura l  p rec ip i ta t ion .  Wc.
a lso  see how nruch grca ter  p roduc t ion  there  is  in  Doua lu ,
wherc  na tura l  p rec ip i ta t ion  is  la rge ,  in  compar ison  w i th  tha t  in
Kuruch i .  One might  conc lude a lso- f rom an anu lvs is  o l ' thesc
t rvo  s tu t ions  tha t  a  loca t ion  w i th  favorab le  cond i t ions  lb r
na tura l  convcc t ion  and hence ra in fa l l  w i l l  u lso  havc ,  to  somc
exten t ,  good cond i t ions  fo r  convec t ion  in  thc  acce le ru to r ,
a l though th is  i s  no t  a lway5 the  casc .  We sec  f rom thc  negat ive
cor rE la t ions  among thc  f i rs t  s ta t ions  tha t  therc  i s  s t i l l  capac i ty
for accelcrator production, even during periods oI low natural
p rec ip i ta t ion .

Exrsrtxr Moorl

Actual protot.vpes for the aerological accelerator are in ex-
istence and described by Carte [1968] and Lambrechts [1956].
These models are venti la( ion shafts of very dcep gold mines
near  Johannesburg ,  South  Af r i ca .  A l though the  func t ion  o f
these shafts is to create an upward draftzndrrernove |rot moist
air from the bottom. an important result way'rhc pr{ i luct ion of
l iquid water upon condensation o[ vcrt icf, t ty r isini air.  The
major dif t 'erences bctwcen these shafts and the proposed device
are  two.  ( l )  The smal l  rad ius  to  depth  ra t io  o [  thc  shaf ts
c rea tes  an  enormous amount  o f  f r i c t ion  due to  the  propor -
t iona l l y  la rge  area  o f  the  sha l t  wa l ls .  (2 )  Fans  are  prescnt  tha t
c rea te  thc  updra f t  and thercby  overcomc th is  f r rc r ion .

Lambrechts  no ted  tha t  th is  was an  ac tua l  case o f  min-
nrak ing  by  d i rec t l y  pg lnov ing  thc  mois tu re  f rc :m the  a i r .  The
l iqu id  

"va t .e r  
so  prc rduccd qas  subsec luent ly  used fo r

agr icu l tu ra l  purposcs .
Typ ice l  d imens ions  o I  an  upcas t  minc  shaf t  a rc  as  fo l lows.

The dcpth  is  approx imatc lv  I  km.  A t  the  bo t tom 700 rn  the
sha l ' t  has  a  rad ius  o f  1 .5  m.  For  the  top  30{ )  m thc  red ius  is
3 .2  rn ,  and the  shaf t  i s  cons t ruc ted  o l  concrc te .  In  such a
sh l f t ,  rva ter  d ra inage is  be twccn 2700 and.1000 I  h - ' .  Cur te
obscrves that a single shaft rvi th an airf lorv of -.00 m" s-r cun
nroducc  as  much us  4 ,50( )  I  h - t  o f  watc r .

These shaf ts  p roducc  thc  same order  o f  masn i rude o f  l iqu id
wr te r  per  vo lumc as  the  proposed aero log ic : r l  aece lc ra to r  docs .
T lb lc  I  has  typ ica l  va lues  fo r  the  aero log ica i  accc le ra to r  and
vcnt i la t ion  sha l t .  Hcre  Q is  the  produc t ion  o f  l iqu id  warcr  in
met r ic  tons  per  hour .

A  compar ison be tween the  water  p roduc t ion  per ' ,o lume o f
each y ie lds  the  fo l low ing :  the  ra t io  o i  p  d iv ided bv  the  vo lume
for the acrological i- iccelerator to Q divided by the volume for
the  vent i la t ion  sha i r  i s  S .

W'e thcrefoie sce thlt  ivatcr production erpected from the
aero log ica l  acce le ra to r  i s  Fer  vo lumc about  the  samc a j  wx ter
pro t luc t ion  f rom these South  A l ' r i can  minc  shaf ' . s .

T . \ 8 1  E  1 .  T r r i c a l  V a l u e s  i c r  D i m e n s i o n s  a r C  a l i e  o f  i { a t e r
P r o d u c t i o n  f L ) r  f , n  . \ e . o l o q i c e l  A c c e  i e a i t o r
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Drscussrox

L:n for tunate ly ,  : l  months  o f  da ta  were  mis ing  io r  K ings ton
(sce  [ - - igure  lb ) ,  lo r  the  l2  UT measuremcnts .  S incc  th is  synop-

t i c  h t r r . r r  i s  thc  l css  s ign i f i can t  o i  thc  2  hours  used,  the  s imp lcs t
gucss . , jo in ing  l inear iy  th€  two neares t  ava i lab lc  measuremcnts .
*  as  adoptcd  w i th  i i t t le  chcnce o f  commi t t ing  gross  er ro rs .  The

rcuJer  shou ld  be  warned,  howevcr ,  and the  io l low ing  convcn-

l ion  was in t roduced:  the  four  open do ts  in  F igure  lb  denote

lhe  va iues  fo r  the  months  so  deduced.
The un i ts  o f  na tura l  p rec ip i ta t ion  are  no t  the  same as  thc

unit.s for aerological accelerator results. l t  is therefore neces-

sarv  to  choosc  an  area  over  wh ich  th€  ou tpu t  f rom a  50-m- ia -
d ius  acce le ra to r  w i l l  be  spreud.  Take the  dens i ty  o f  water  as  I

t  m-3 ,  and in  o rder  to  make the  resu l tan t  curves  o l ' s im i la r
he igh ts  fo r  thc  sake o f  compar ison  the  arca  in  ques t ion  w i l l  be

choscn to  be  2 .5  X  106 m2.  We may now compare  the  annuu l

mcans.  Tab le  2  shows fo r  the  f i ve  s ta t ions  the  annua l  na tura l

precipitat ion totals, the production for the aerological
acce lc ra to r .  bo th  in  tons  o f  water  and in  mi l l imeters  i t  th is
watcr were spread over the above-mentioned area. and the

ra t io  o f  the  acce le ra to r  p roduc t ion  to  na tura l  p rec ip i ta t ion .

Figure 2 shows this rat io, which is the eff iciency of accelerator
production plotted versus the natural precipitat ion. The f igure

demonstrates that thc eff iciency of water production is greater

in  a r id  reg ions ,  whcreas  e  low e f rhc iency  ex is ts  in  ra iny  reg ions .

Thrs  i s  t rue  because in  genera l  we have ob ta ined the  same

ordcr  o f  magn i tude o f  water  p roduc t ion  f rom the  acce le ra to r

regard less  o f  loca t ion ,  whereas  the  na tura l  p rec ip i ta t ion  o f  the

s i tu r t ion  was o f  g ross ly  d i f f c ren t  maen i tudes .
Another  po in t  occas iona l l y  b rought  up  in  d iscuss ion  is

r i  h c t h e r  a  t u r b i n c  c a n  b c  o p c r a t c d  f r o m  t h e  m o t i o n s  w i t h i n  a n
acce le ra to r .  Thc  answer  i s  tha t  th is  cou ld  be ,  a t  bes t ,  jus t  a
min t r r  source  o f  powcr .  As ide  f rom the  lac t  tha t  damping
rv t ru ld  p robab ly  be  too  grea t  the  to ta l  power  o f  the  c jec ted  a i r
* i t i r  an  average vc loc i ty  o f  10  m s- t  wou ld  be  about  - i000  kW,

and thc  e f t i c icncy  ra t io  o f  the  tu rb inc  wou ld  then reducc  th is
va luc  by  a  cons iderab lc  fac to r .  Howcver ,  i t  i s  p robab lc  thu t

cnough powcr  fo r  the  opera t ion  o f  var ious  ins t ruments  and
cont ro l l ing  dev ices  cou ld  be  supp l ied  i f  an  acce le ra to r  werc

p leeed in  a  remote  reg ion  rv i th  no  access  to  power  l ines .

, - \ l though these fcw examples  are  no t  enoueh fo r  thorough ly
inc : r r r ing fu l  s ta t i s t i ca l  resu l (s .  thc  ind ica t ions  o i ' the  negat ive

cor re la t ion  ment ioned abovc  a t  severa l  s ta t ions  ra rsc  some
quest ions .  Th is  may be  an  ind ica t ion  tha t  water  resources  in
lL ) \ !c r  a tmosphcr ic  s t ra ta  a re  eas i l y  exhausted  in  the  process  o f

ru in f l l l ,  the  a i r  a t  the  in take  o l  the  acce le ra lo r  thus  be ing  le f ' t

too  poor  in  mo is tu re  to  ac t iva te  the  dev ice  sa t is fac to r i l y .

Shcru ld  th is  some"vhat  specu la t i ve  reason ing  prove t ruc .  we

sh: r l l  i : r ce  the  prob lem o l  lhe  reverse  process :  cou ld  a  la rge

i . 1 i i . i r  2 .  , \ n n u a l  \ r a i u e s  f t r  N a t u r a l  P r e c i p i t a t i o n  ( N P )
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Fig. 2. Eff iciency of accelerator (rat io of accclerator production
distr ibuted over an area 2.5 X l0'  mu to natural precipitat ion) is shown
versus the precipitat ion.

number  o f  eventua l  acce le ra to rs  d is t r ibu ted  over  the  g lobe
have the damaging effect of reducing natural rainfal l? The
readcr  w i l l  no  doubt  no t ice  the  para l le l  be twecn th is  poss ib i l i t y
and the  damage caused to  na tura l  watc r  rescrvo i rs  by  i r r iga-
t ion  and the  cana l iza t ion  o f  water  toward  o ther  loca t ions ,
rvh ich  is  another  a r t i f i c ia l  p rocess  tha t  s (a r tcd  some thousands
of  years  ago.

A l though they  rvere  bu i l t  fo r  a  d i f fe ren t  func t ion ,  the
prescnce o f  condensed watc r  upon upward  convcc t ion  in  mine
sha l ts  does  show tha t  th is  method indeed has  the  or> ten t ia l  lb r
e r t f t l c t ing  water  f rom a i r .

The ac tua l  cons t ruc t ion  o f  the  aero log ica l  acce le ra to r  i s  a
mat te r  tha t  must  bc  s tud ied  w i th  regard  to  the  eng incer ing  re -
qu i rements .  These requ i rements  a re  genera l l y  severe ,  and one
may d t rub t  whethcr  they  are  w i th in  the  prov ince  o f  p resent  day
techno logy .  l t  i s  poss ib le  tha t  [u tu rc  techno logy  rv i l l  hnd
so lu t ions  to  what  may be  ca l led  thc  p rob lem o I  p ropcr  space
p la t lo rms w i th in  the  a tmosphere ,  hav ing  use fu l  app l i ca t ions  in
o thcr  sub jec ts  as  wc l l  as  in  our  own.

However .  the  prac t ica l -minded reader  may s t i l l  w ish  to
know how fa r  our  cur ren t  eng ineer in_e exper t i sc  migh t  take  us
in  the  ac tua l  cons t ruc t ion  o f  a  dev ice  io r  in i t ia l  exper imenta-
t ion .  l t  appears  tha t  such an  exper imenta l  mode l  wou ld  havc
to bc anchored to a steep mountain slope. At the foot there
shou ld  be  a  water  sur face  (poss ib ly  a r t i f i c ia l )  to  he lp  fu rn ish
mois l .  in take  a i r .  The he igh t  and d iamcter  o f  thc  tube migh t  be
r e d u c e d  c o n s i d e r a b l y  i i  ( l )  t h c  i n t a k e  a i r  i s  n e e r  s a t u r u r i o n
rvhcn i t  en ters ,  perhaps  made so  by  spec ia l l y  dcs igned ap-
p a r a t u s ,  a n d  i i  ( 2 )  t h e  r e  i s  a  m c a n s  o f  h e l p i n g  t h e  u i r  r o  r i s c  i n -
s ide  the  tube,  perhaps  b . " . ,  iunne l ing  a  sea breeze or  t rade w ind
i n t o  t h c  i n t a k e  b y  p r o p e r  m e a n s .

. {s  i s  ev ident ,  much ruou ld  Cepcnd upon th€  cho icc  c , f  i r
lavor lb le  s i te .  As  a  cesua l  thought .  one such favorab le  loca-
t ion  rv i th in  the  Un i ted  Sta tes  rv  here  s teep c l i f f s  r i sc  f rom a
rn( ) i s tu rc -supp ly ing  b , rdv  o f  rva ter  occurs  on  the  ncr r thcrn
c o l i t  r r l ' t h c  i s ! a n d  o f  l V l o l o k a i  i n  t h e  H i r r v a i i a n  I s l a n d s . , \ t  t h l t
l c rc : l t i c r f i  {here  are  o laces  a t  rvh ich  l  I000-m c lcv t l iL )n  ( }Lcurs

a f ,  l n )  r
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. . r th in  on ly  a  500-m hor izon ta l  d is tancc .  A l though water
protluct ion is not necessari ly needed at that location, i t  might,
tr ;r1ong posi ible othe$, be considered for a prlot project in
ordcr to . ;rudy the technical aspects and to determine whether
ihe natural rainfal l  can be increased by art i f ic ial means with
ihe  a id  o f  our  dev ice .

The ru thors  cons ider  the  s tudy  o f thc  aero log ica l  accc lc ra to r
r - r '3 rea t  in te res t  in  i t s  o r ' rn  r igh t ,  whc ther  o r  no t  i t  appears  to
lc  a  p ro f i tab le  venrure  so le ly  fo r  the  purpose o [  ob ta in ing
'*ater. The possible use of the device lor purposcs other than
water  p roduc t ion ,  such as  a i r  remova l  fo r  po l lu t ion  cont . ro l
and hcat removal from the surface of a rvater basin, has been
previously discussed fStarr et al. ,  1912]. l ts exploitat ion for
r:search should be part icularly appealing to cloud-seeding
groups lor purposes of experimentation and observation.

Appexorx

The set of equations given below relates to the mechanic
aspccts of the system alone (adapted from Starr et al. ll972l\.
We assume that the mean densit ies inside and outside our
cvl indrical tube are given by obscrvation or otherwise known.
The symbols to be used are the fol lowing.

CD coefficient of frictional drag for wall of tube;
O geopot€ntial per unit  mass;
g acceleration of gravity;

H height of top of tube;
P pressure:

Po surface pressure;

P, pressure at top of tube;
P,,.  P1.,,  P,, vert ical stress componcnts across planes normal

Mak ing  use  o f  (2 ) ,  we rnay  rewr i te  ( l )  as

a a
i ,  

p *  :  
a r ( P , ,  

-  p w u )

a ,
+  ;y (P . , .  

-  pw l )  +  A : (P , ,  
-  pw ' )  -  sp  (3 )

We now takc  a  vo lume in tegra l  o i (3 )  over  / ,  mak ing  use  o f
the  d ivergence theorem.  Thus  we may wr i te  tha t
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The rate of accumulation of upward momentum in I /  is given
by the r ight-hand side of (4) with the assumprion thar P., =
- P .

It  is now necessary to introduce some assumptions pecul iar
to our part icular problem. These are the fol lowing: the con-
dit ions are steady with t ime for integrals in (4); wo : 0 with
sultcient accuracy; un = 0 except below the lower end of thE
tube; w^ : 0 nearly enough below the lower cnd of the tube.
s incc  the  end is  near  the  sur face ;  the  env i ronmcnt  i s  essent ia l l y
a t  res t  and in  hydros ta t i c  equ i l ib r ium;  and Pu and P,  a re  the
samc as  they  are  in  the  ad jaccnt  env i ronment  a t  the  same
leve ls .  App ly ing  these assumpt ions ,  we sec  tha t  (4 )  reduces  to

#, I"o" dY: -  f  " '  
as - [ , r^,*,* o,

+ /'. tr" - P,) dso t [r. eon,no ,ts,

-  
[ r . o ,w ,w3dsn -s f , oav  

g )

to .x, y. and z direct ions, respectively;
rad ius  o f  tube;
d e n s i t y  i n  v o l u m e  o f  i n t e g r a t i o n ;
dens i ty  o [  env i ronment ;
density at surface;
dens i ty  a t  ver t i ca l  wa l l  o f  vo lume o l  in tegra t ion ;
dens i ty  a t  top  o f  tube;
area  o f  ver t i ca l  boundary  o i  Z ;
area of horizontal cross section of I / ;
fr ict ional stress exerted upward bv f luid in I /  on
S:

u, u, w part icle velocit ies in x, y, and z direct ions,
respecti  vely;

V  vo lume o f  cy l inder  f rom ;  :  0  to  z  :  H ;
Dp ou tward  hor izon ta l  ve loc i ty  normal  to  wa l l  o f

, , ' o lumc o f  in regra t ion ;
r ' 'p upivard velocity paral lel !o wall  of volume of

i  n tegra t  ion ;
A)o vert ical velocity at surfacc;
t r t  ver t i ca l  ve loc i ty  a t  top ;

x ,  ) , ,  z  Ca i tcs ian  coord ina tes  w i th  z  ax is  pos i t i "e  up-
w a r d .

' fhe  
cc lua t ion  u f  n ro t ion  fo r  the  vcr t i ca l  d i rec t ion  and thc

: ; . : : tL ion  f t r r  mass  eont inu i tv  may hc  wr i t ten  in  thc  lo rm

(Po -  P , )  dso

r
p t w t t u t  z / S e  -  t  

. l  , o d  
( 5 )

R
p

P"

9o

9 n

Pt
.S

so
T

D t v
' t.) |

0 p  ,- T

d t

I I

0 :  - l  r ds+  t
J  s  J  5 "

r- t
I

r  s o

I

I
I
i

l f  thc re  ex is ts  an  upward  cur rcn t  in  thc  tube,  the  t r i c t iona l
Ioss  o l  momcntum p lus  the  loss  a t  the  top  by  advcc t ion  mu- ; t
be made good b,v an exccss of the nct pressure force ovcr the
rveight of the f luid in Iz, i .e.,  there must bc a buoyancy l 'orcc
ac t ing  on  the  f lu rd  in  I / .

Le t  us  cons ider  the  s ta te  o f  a f fa i rs  w i th in  a  cor respond ing
co lumn in  thc  und is tu rbed env i ronment .  We have,  in  v iew o f
our  assumpt ions  and us ing  the  subscr ip t  e  to  ind icare  en-
v i ronmenta l  cond i t ions ,

r fO :  /  (P,  -  P, ) " r /S,  -  s  I  p ,dv (6)
J  s ,  J  v

B y  c o n r b i n i n g  t h i s  w i t h  ( 5 ) ,

t t l

I  r  d S  +  I  p t w t t r t d s , ,  :  g ,  ( p ,  -  p ) , l V  ( 7 )
J s  J s .  . t v

Equat i t . rn  17)  may be  rewr i t ien  as  fo l lows.  Lc t  us  f i rs t  d iv idc  i t
by  / ,  thereby  sccur ing  vo lumc: lveraoes  o f  thc  in tegra ls .  We
h: rve  b . l ' s imp le  geomet r , r '5  =  2 rRH and V -  rR2H =  . !011 :
r r :R . l  und can JSsumc tha t  p ,  i s  appror imate ly  cons tan t  o ! 'e r
50 .  Wc , , r r i te

2  . i  ,  I  . " ,  . l '
^  \ 7 /  

- i -  
' , 9 , ( ; ' ' , ] ' " ,  

- '  
:  q i P '  -  

P l '  ( S )

rvhere  Ihc  u i rg le  h r rekc ts  s ign i l ' v  nvcn lges  ovcr  ihc  supcrscr ip t

^ +  J P .  d P .  A P
_ + _ - - - J . .  - . . : . - L . - j '  / I \y  - ,  |  . .  |  ^  |  ^  \ , /

o :  u . Y  o t '  ( t :

0  , 0  ,  a
- '  p L t  +  ;  p r ' +  - ^ '  p w  :  ( l  ( l )
( t .Y  o  )  a :
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c  uant i t ies .  Us ing  pr imcs  to  denote  dcpar tu res  f rom So
JVerrges and the Schwarz inequali ty, we can nnally rcarrange
{3)  to  the  fo rm

t ^  _  p ) t '  Z H  ,  , s  r ,( ( ) ' r , ) " " ) =  =  F i g E -  - -  
-  
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