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INTR ODUCTION

‘ A substantial amount of’ field data obtained in recent

cloud and fog experiments conducted at Great Dun Fell (GDF)

is currently under analysis , and will be reported subsequentl y.

In thin ~‘apnrt w~ con ntvmto on two detiviti ~ o ?al1in~

within the scope of grant AFOSR— 73— 3511A . The first is an
and

SflHlysiB of the meteorology~ water characteristics of some

clouds and Fogs enveloping the ODE laborator y, which were

examined b y th~ UMIST g r o u p ,  in collabor ation with scientists

from the Meteorologic al Office. The second is the developm ent

of a theoretical model of dropl et evolution in fogs and

clouds under the inf luen ce of inhom ogeneous turbulent mixing

w i t h undersatur~ ted environmental air. This theoretical

work has bee n performed in conjunction with Dr N B Baker

of the University of Washington , Seattle. Some complementary

laboratory investigations currently bein g performed at

UMIST will he reported at a later date.
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PRELIM INARY ANALYSIS OF DATA OBTAINED IN FIELD STUDIES AT GREAT

FELL DURING ThE P~ RIOD 12 to 16 DECEMBER 1977

In this b~ iaf ~a~ crt w~ ~~~~~~~~ e e~~.mLri rn~~y fLn d in~~a ~~~~~~~

ing from analysis of meteorological and microp hysica]. data obtained

in experjrnents made at Great Dun Fell (GDF) in December 1977.

These were performed in collaboration with scientists from the

Meteorological office ( Ms ) ,  but the comprehensive droplet measure-

ments made by the ~0 group are not discussed herein , owing to

shortage of time. The primary objective iii this first round of

analysis is to examine the changing re~~ tionsF~ps between the meteor-

ology and the droplet size spectrum aver continuous extensive

periods (1630 to 1700 hrs on 12/12 , 19~ Ohrs on 1 5/1 2 to 0021 on

16/1 2 and 1 000 to 1115 hrs on 16/12). A particular goal had been

to establish whether , in scirne circumstances , there is evidence

for the influence , on the spectrum , of mixing -in of environmental

undersaturat ed air — and if so , to see whether these effects are
¼.,

‘classical’ , based on a descriptio n of mixing as a homogeneous

process , or whether they ’conform better with the model of inhorno—

geneous mixing which has- been developed under Grant GR3/3007. An

outline of this new model has been presented to the &AP5 committee

in the note by Baker ’and Latham (1978) which has been sUbmitted

for publication . Figure 1 presents a characteristic sp~ ctral

evolution emanating f r om th i s mod el , which has alread y been shown

to fit well with observations made by Warner (1969). it is in—

cluded herein in order to establish whether its predictions ore

in accord with our measurements at ODE . These measured spectra

were obtained by integrating over several minutes , in order b

obtain good statistics on the concentrations of the larger droplets.

It is probably useful to mention hare that in thc pbsence of miçir ~o

- r th. spoctral shapes within cloud s formed over G~F are narro~ and ‘
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generally vary close to that displayed in Figure 3, curve A.

EXPERIMENT I. 1630 to 1700 hours on 12.12 .7T

A westerly airflow cov ered Northern England. A week

rid ge extending Northwards from a belt of hig h pressure stretch-

ing throug h the Bay of Biscay,was approaching from the West ,

follciwed by a weak warm front. During the run the axis was just

off the East coast of Ireland and the surface warm front was be-

tween 100 and 150 miles to the West of Ireland.

During the 48 hours prior to arriving at ODE during -

the run , the air had been involved in the circulation of a deep

depression over the Eastern Atlantic. Hence althoug h the air

• was ecivected to ODE from hig her latitudes it had spent a consider—

able time over the ocean and had not been sufficiently far North

to pass over any land or sea ice. Hence the temperatures were

relatively high a).though the air was somewhat unstable in the

lower layere (more so than at any other time during the experi—

ments conducted) due to the passage over progressively warmer

sea as it was advected SE 1~ ODE .

Cloud cover was generally well broken over NW England during

the run with between 4- and 4- cumulus with base at 5&Om (this was

d i s pers ing due to s~ ight radiative cooling at the surface) and

j- to ~A3 stratocumulus at about 1km. Several stations had reported

light rain showers during the afternoon.

It was decided that the temperature sounding obtained at

Long Kesh at 1100 on 1 2th was representative of ODE during

the run. This ascent showed that the air was conditionally unstable

from the surface 1008mb to 915mb (110Dm). At this level there

was a shal.]ow ’wesk inversion , probably aesocisted with Blight

subsidence due to the ridge , abov e which the air was much drier’.
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The win d profile for the ODE region (ignoring the presence of

the mountain) was deduced from the data obtained from several

sonde stations at 0500 and 1 700 on the 12th. Analysis was

then performed as before .

The drop si. u distr ibution observed  in cap cloud at

16 .33 hours on 12/ 1 2 is shown in Figure 2. The es i i r- .;ted c loud

case  is at around 600m (approx imate l~,’ 2km upwind)  and thu o bs e2ve d

w~ r.d&~~uud neu~ t he grour~ at t he sur~ r~it w aa about ~m ~
_ l 

•

was considereu unlikely that dropl-~~~ f~ o~ thu bro ke n

overly ing str~ tocumulus would have been mixed down to the obser-

vation area at the mo untain summit , un~ th~~ it is probab le that

all the droplets observed devaloped within the cap cloud in the

time taken to reach the summit from u .oud b~ ae .

As discussed , the atmosp here was moder~ t~ ly unstable witn

a small amount of natural c,umulus pr~ s~ nt and therefore the irt~ r—

action at the e d u  of the cap cloud , well away from the nour~.o in ,

may be expected to be somewhat similar to that for a cumulus

cloud~ althoug h mosified by the mountain. Inc likelihood that

si-~nificant mixing occurrea is re . .~forced by the observation of

substantial short—term fluctuations (in excess of 5I~ ) in the

m~~ sur ed liquid ~at,e~ content~. The spectral shape d~.splayed in

• Fi gure 2 is distinctly non—classic al , but it is ‘similar to those

presented in Figure 1 , which were derived from our model of

inhomog eneous mixing.

EXPERIMENLJ I. 1930 hours on 15/12 to 0021 hours on 1 6/1 2

and 1 000 to 1230 h ours on 16 .12.77

During the period of the runs an anticyclon e situated over

the North Sea at 1.BOOhrs on 1 5/12 moved slowly South—East into

North ~armany and slowly intensified.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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During the earl iest part of the run the air ~:e j ector ies

to Great Dun Fell werc . sli ghtly to the East of the Penni.rco

where lowland stations were reporting between -
~- and -~~ cover

of stratocumulus with base at 6CDm. A f t e r  22CC hr~ tnu wind h~id

veered sufflcientlj for tme air trajectori~ u to be somu-..ihat to

t he w c s t  of tnu Pennines and rema ined so for :cmaindex- . of

t he p~~riod. At  1800 hour s sta t ioro  ir. thi~ area ropor ted  a -

s~ rni~.or ~t ro toc um~~~us cover  at 4~~~m.

During the perioc up to m~c~~~~ t tno ~~~uc cover over ~~.
-.-

:n~ iand became more complete , most s tat ions reporting s t ra to-

cumu lus cover  at betwu ~~- 10Cm an~ •~i m .  A nca:lj to ta l  cove:

of s t ra tocumu lus (4- to~~M ) then pers is tud at most sta t ions  for

the ramuinder of the period . ly C~ C nrs on 16/ 12

cloud bose was generally somewhat hi gher (around G OO m ) beforu

ailing again to around 400 — 5 00m by 1200 hrs.

The Au g hton temperature asce nts  were cclnsidered to b C  
-

r epresentat ive of Great  Dun Fell throug hout the period and the

a s c e nts  f or ~~~ Chrs 1 5/ 1 2 , 2lOOhrs 15/ 12 and l l O O h rs  16/ 12 ‘i;ure

studied in some detail.

The period of the runs was character ised by a gradua l cool-

ing of the air be tween  1000mb and 950mb pressure lev~.le together I

w ith an increase in relative humidity and a u~~or ucse in stuhility

from tne surface up to 950mb ( be tween  70Cm and ~0 0m a . o. l ) .  Dui-~ rg

the same perio d the inversion assoc ia ted  witn the developing

anticyclone intensified substantially and lowered from 98Dm at

1 100 on 15/12 to 90Cm by 2300 on 15/12 and then to about GOOm

by 1100 ~n 16/12 ov er lowland regions ~n th e vicinity of ODE .

For the per iod of the run air trajectories were used to

estimate the arriva l at ODE of air of the changing characteristics.

The data on the tephigrams W~~B then used to lift the air mass 
4 
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to the ODE’ summ it , mak ing use of obuerved wind profiles at

Aug hton and en estimated profile fo: ubovo the mountain. The

• -
~ results of this will be discussed concurrently with the observed

data. H( At the start of the run a verticclly thin and tenuous cap

cloud was observed throug h which the moor could be clearly seen.

- . 
This cloud was observed to be h~ighly inhomogeneous with some

completely clear patches , lasting for several seconds. y 2100

hours the cap c~ oud was thicker, much more homogen eous and the

moon was totally obscured. -

Figure 3 shows the drop size diotribut ion and mean liquid

water content obtained for the early, hi ghly inhomog eneous cap

cloud (this showed variatiorrs of liquid water content of a fac-

tor of 50 with a period of 60u ~ c )  wi th t~ -~ thicker more homo-

geneous cap cloud . t is &.ppuront that more large droplets are

present in th e earlier s puct rum.

To ex~plain this apparently anomalous effect the following

was done. The lifting, decuced from the tep higram for Aug hton

at 1100 on 1 5/1 21 resulted in a shallow layer , less than 1 0Cm

deep that was slightly supersaturated ~t the mountain top above

which was a layer of undersaturated hi ghly stable (iflverted ) ;-

air with a strongly positive Richardson r,~ H~ar (~ 70) up to the

‘ main subsidence inversion. A gradual transition -to the eir on

the 2300 tephigram resulted in a cap cloud of progressively

greater vertical depth — finally reaching the main inversion

layer — and .a gradual decrease in stability . It is clear then

that the air immediately above the cap cloud was hi ghly stable

th roug hout the early part of the run .

S h o r t l y  a f t e r  19 .30  however , the cloud top was clearly H
very close -to the ground end the point of, observation. In the - -

- - ~~~-‘~ 
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.abl~ condition s it Ia in  ~~~~. : n  tnat  cur~~ecu in:~~:~~a

turbulunce wiI cc a max imum arc.  c o m a  untrair ,mcnt of d:y air ~~~~~~

exp~ ctcd ano ooserved , wit h its uffuct at ins t rumunto l  rIL 4
.4 4 4 ~~

lliç
~
r-t ly .u t o r 1~~~~ 

t.-.a u c . a  ,~~u 5 a- u a : p_ r ,tr-~ -tc~ a;’ ~~~~~~~

cloud .-iu a 0 / 1 . 4]  from this ma;a tL:o~~lunt :o~~ian ona an:] S~~~gnt 

-
~~~~~~ ~ wo~~~ . ~~~~~~~~~~~~~~~~~ 

-: t o ;  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 10 1 n 4:c to a:ounc 224~ n a . r .  t n . ~ a ’.~~~~~n, ~~~~s n~~::u ,-e: th a n ,

at  f i:at, ino iat In-~uiahaa- u f ra7. ~~~~ c l a a u a c a ~~~j  ~x p L a te c  ~~~~~~~~~~~~~

trum hauud on c .ase:vac C~~- . ccncan t :~~t iana , ~1no runuinuc aln-~~ t

:om pae te ly unc nan~~cu an. a nuj u  as c_ c .~.::. ~~~~~~~~~~~~~~~~~~~~~~~~ t~ ~~~~~n .a .

~.t wou..c. t n u r e T o a e  c.aam ..at<aa y  tout ..nu ent :cc . nment  3~

uoderaa turu t~~t a ir /,nLn. tn~ c~ o~~a ‘— a u  Vu:] -i~~a ruapor .. io~~a

for t~ e b:oacu .ang of t ne s p e c t r a  :- .v e . 4luO on, ;n~ :u J . .- ,a  can-

no t  uxp~~~ar. -~n.u aa.u:vac a~~oc t :aa  ~Hup~ on tn.~ ~c a a s s ~~ce~~ p a c —

ture of rnoxan ~ as a nono~~uoa o uc  p:oc usa , out c o mp ur000T.  aatn

Figure 1 snows that  the ~ Ct 2~ - . T. m.~usu rcc  at ~ 3u h- -urs c l o s c~ y

resemoics ‘that p :ec.ic-ted on the unnom ag0000La ~~~~~~ ~or a c.imr0a:

liquid water content. it is ‘ni gh~.y unlikel] that any significant

change in air trajectory occurrec uetween 193U hours and 21:1

nuars , which ~i~~~t h a v e  r es u l t a s  in a u ;f f ic ieot ij  ciffe:,. nt

CC~ activity spectrum.

As ment ionad , observa t ions roma i rao  unchan:~ed until arcane

2245 hours. A t  this time intermitt ant sli ght rain .-.au ub aurv ea

at OlE which gradua lly up to midnight becom e somewhat heavier

and more cont inuous. No precip itat ion w oo re par tee  f r-a m any

nearby l owland  stations. This coula rot havo accarrud f rom hig ha:

c loud as the air aloft was very dry and largely cloud—fro :. A t

the same time the liquid water content began to rise On:~’ ’ ~

drop size distribution became progressively and appreciably

broader , 68 shown in Figure 4. These last two effects cor-1.ir- aed

2 into the morning of the 16th by which time the rain had s topped.

1 * ~
-
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To explain this tne d:volopman ~ of on extensive stra -u—

cumulus cover with base be ow tine nountair, summ it is pr ob- ly

hi ghly cignificant . Thu rainfall observed may bu explained

q
~ alit~~

tivul
~i 

.4o  f o l low s ;—

a toe summ~ t of toe otratccLm ~ uLa to too c . L O C  of

a .-r0 . u u f l c u  inversion it may cc autimato d that a orcplet of m l —

taal~] arounc. ~~~~ racaus may ;ro/I Dy ~culo~~ca - :a a .  it fel ls
— 

througo th~ stratocumulus and ~nun grow farther to a c izu of

perhaps inn as it falls throug h a few hun~ rcd metres of cap CiOOS ,

facilitate: oy -the lifting cf the stramo com LiuS d ccc. to the

mountain . The smaller drops from thu ctrCtccum , .4iuc. above :~~-.4ld

e v a p o r at e  aeT o :c  reac na ng  t o e  g r c u r o .

The cessat ion  of precip i tat ion sy . DID hours on 1 ~~ 1 2

ma y be accoun ted  for in terms of the lowering of the o j a n  
-

irve
~
sio n layer overnig ht.

The broadon in~ of the drop  s ize  di st r i b u t ion o~ serv ed In

the cap cloL~d is probably to be accounted for cy the progressively

greater degre e of entrainment of tine lang livad strotocumul ac

c loud (which wo uld be e x p e c t e d  to conta in lar g er drops  d ue to

radiative cooling, coalescence and mixing) c~,- che stool y of

the air below the inversion dec reased  and cc a degri e of ta rut lu - u c

increased .  (The lowering of the inversion away from the moL ta± r

is unlikely to a f fec t  this latter process .  ) ~~phigram anaijoi.

s hows that this is prsbabiy also the case  for a:~. observed a p p ru —

Cj a O l S  rise in ~~~~~ water content as the distribution widened.

This would not be expected if entrainment of dry ul: w a s the

cause.

- , - It should be noted that the stratoc umulus base-a l t i tude

agreed well with nixing condensation level9 estimated from the

teph~.gr~ ma

2 
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CONCLUSIONS

Th e prelimi nary •n.lysis presented ir~ the precedin g par .—

grap hs appear to provide strong evidence for a profound influ-

ence of mix ing-in of undersaturated environmental air on the

cloud ’droplet spectre. Over one extensiv e period the entrain-

ment of stratocumulus residue into the air forming cloud over

Great Dun Fell appears to be responsible for the spectral shap e .

In the other two cases studied we conclude that m ixing produced

spectral broadening , , end spectr el shapes which ’ cennot be explained

classically , but do ap~ ear to fit with the predictions of our

model of inho rnogeneous mix ing . -

S
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THE EVOLUTION OF DROPLET SPECTRA AND THE RATE OF PRODUCTION

OF RAINDROPS IN CUMULUS CLOUDS

4 Deep it .e considerable effort (1 ,2,3 ,4 & 5) and some

pzogx.es , no generally ecce~t.d eolutio n hee been provided

to two important probl ems in cloud physics involving the - -
t.

populatio n of cloud droplets produced by condensation.

The first is that the measured times required to produce

raindrops in water clouds may be appreciably shorter than

values calculated on the basis of classical theory for

growth by condensation followed by stochastic coalescence. -

The second is tha t the predicted size distributions of cloud

droplets within the condensetional stage of growth are incon-

sistent with these observed -in cumulus clouds. In this

- 
. note we outline the results of some recent calculations ,

based on a new model of inhomogeneot.te mixing, which appear

to of fer a solution to both of theee problems .

The ba sic id ea , based on laboratory experiments , has

already been reported (6). It is that when undersaturated

environmental air ie entrained into a growing cumulus some

cloud droplets are profoundly effected while others — at

the same level , but more remote from the blobs or f~lamenta

of entrained air , — are scarcely influenced . This is clearly

distinguished from the homogeneous description of entrai nment

employed by other workers, where it is eseumed that the

reduction in supersaturation produced by entrainment is , at

any level , the earns at .13. pointe .

- - A p~ediction of our inhomogsnaoua model is that natural

clouds should co ntain adjacent region . of strongly diffsan t

water content but similar mien droplet size and dispersio n

5’ 
‘~ • , ø~~~~•~~~~~• 
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defined as the ratio of the standard deviation to the mean

siz e. Confirmatory evidence for this prediction has been

obtained in aevera j, field studies (7, 8 , 9).
- The calculations described below were based on the

simplest possible picture of inhomogeneous mixing — which ,

however , the laboratory experiments (6) suggest is reasonably

accurate. It is that when a region of cloudy air is infil-

trated by a blob or filament of undersaturat ed environmental

air some droplets are completely removed by evaporation —

with equal probability — from all size categories , whi le

the remaining drop lete at that level are unaffected.

The calculations were based on those of Warner (3).

An up draug ht of constan-t~ speed U = im ~~ produced a cloud 2

of base temperatur e T0 — +15°C in en environm ent of ccnstant

relative humidity 80% and cons tant lapse rate ~~ r 7.5°C krn 1 ,
- , Condensation occurred on a distributio n of NaC 1 nuclei con-

sisting of N — 200 particles per cubic centimetre in 5 mass

c laasee ~~as ed o-n (3) and (5)). The subsequent evolution of

the cloud as it moved upwards at im s~~ and cooled was cal—

culet ed from the standard equation s (3) .

- for three different conditions. (H),

an homogeneous case , in which entrainment of outside air

occurred steadily and uniformly, in the manner assumed by

other workers (3 ,5 ), This t~p claeeical picture described

earlier. ( I ) ,  an inhomogeneou s case , in which under s aturated

blobs 0f constant size V 0 are drawn i,~to the cloud , either
- (with frequency X)

at ra ndom i~tervals or regul .rly,/and evaporate completely

.11 
~ ~~~~~~~~~
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droplets (of all size classes) until the humidity rises to

ioo% . ( A ) ,  an adiabatic case , in which the cloud did not

interact with its environment. In models H and I the entrained

air cdnteined. nuclei of the same activity spectrum as those

t. ‘ - at cloud base. As the cloud volume v grows the mean frequency

X is set equal to 4.Lv/~~ where ~~~, the effective entrainment

parameter , was taken to be 1O~~ m 1 , equal to that assumed

in the  homog ene ous mod el; V
0 is th e orig inal cloud volume.

Fi gure 5 shows a typical size distribution observed

in cumui~~ by Warner (2) at a stage where the liquid water

content was around O.4 g m 3. It also displays two ‘calculated

spectra . (H) is based on the homogeneous model , and is very

similar in shape to those calculated by Warner (1-) on his

classical model of mixing. I-t is seen to bear little resemb-

lance to the observed spectrum (W). However , the size d~ s—

‘t
~~ i~~ UtIIQn ~1 ) b  b~ aed on uu~ i on’~o~ a~ eau8 model , with

is seen to agree closely with that observed ; X~ is th e

initial frequency of infiltration. The spectral shapes on - 

-

- :1

the inhomogeneous model were found to be insensitive to

so the agreement appiaars quite general.

Table I present~ values of liquid water content LH~

LA ,  L1, supe rsaturation 5H’ 5A ’  ~~ 
and maximum radius of -

dro pleta in th e spectrum , RH , RA . A 1, after various growth

times t for the homogeneous , adiabatic and inhomogeneous

models respectively . Also pr esented , are values of the con-

centratio n N1 of ’ droplets of maximum radius R1. The striking

observation lB that the largest droplets grow much faster on

- - 

‘ 

-
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the inhomogeneous model than on either the inhomogeneous or

r ‘

~ adiabatic models — even thoug h , in the latter case the liquid

water content is about twice as great. For example , we

see that about 150 seconds are required on the inhomogeneous

model for the largest drops to achieve a radius of l3l~Am ,

.-~hile about 400 and 500 seconds respectively are required

on the adiabatic and inhomogeneous models. For R = 15~ m

the figures are about 200 seconds for the irhomogeneous

model, 700 seconds on the adiabatic model and 800 seconds

on the homogeneous . •~e see that on our inhomcigeneous des— ’

cription of the entrainment process the largest droplets

move throug h the condensatioru l stage about three times as

fastas is predicted classically — and it appears , therefore ,

that this finding may resolve the long—standing question ,

referred to earlier , of the rate at which raindrops can

be produced in cumulus. In this connection , it is in t erest-

ing to not e that the values of N1 (~ 1 l~~ ) are of the right

order of magrt~ude ‘~ r raindrop concentrations. - 
-

The rermon for the greatly enhanced growth—rates on the

inhomogeneous model~ is apparent -from the inspBction of

Tabl e ( 1 ) - — the values of supersaturation are much greater.

This is because , on th e inhom ogen eous mod el , a sub stan t i a l

proportion of the droplets are small , having been formed

above cloud base by re—activation of nuclei contained’ within

completely evaporated droplets or activation of entrained

nuclei. These smaller droplets consume water vapour rela—

tively ineffectively , thus allowing S to rise , end ‘the largest

2 ‘ 

‘ 

-

- . - -

r ,-

~JF ~~~~~~ :~~T : -  - - - -~~ -~~~,
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-
~~ ~— - - ,2 : ~~~~~~~~~~~~~~~~~~~~~
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(unaffected) droplets to grow more rapidly.

The absolute growth rates of droplets will depend -on

factors which may vary greatly from cloud to cloud , but we

believe that the difference in growth rates Cuetween homo—

geneous and inhornogeneous mechan isms ) will generally be

close to those presented in Table I . C~ r major conclusions

were found to be insensitive to variations in (from 10

to l OOs) and to the choice of CCN spectrum. It is diffi—

cult to imag ine that they would be sensitive to variations

in TB , u, r and other meteorologica l parameters. It appears

to us to be sensible ,- .as the next stage in this stud y ,  to

devote our principal effort , throug h fielci , laboratory and

theoretical work , to establishing more precisely the processes

involved in mixing, on a scale comparable with the drop sp~icing .

This will involve consideratio n of the various time constants

governing droplet evaporation , vapour diffusion , and the

creation of interfacial area between cloudy and undersaturated air.

/ ‘

- ~
J-

~~~

- 
~M ‘ 

-
- 

- - 

- -

- - - 4 ;~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.-

~~~~ 2~



R E F E R E N C E S

1. B J Macon 1971 Physics of Clpud s , (2nd Ed’)
- • - 

- 
‘ Claren don Pre s s , Ox f o r d

2. J Warner 1969 J A t no s  Sd , ~~~~~ , 1049

3. J Warner 1973 J Atm os Sci , ~~~~~~ 256

4. B J Mason & 1974 Quart J Roy Met Soc , j..~~ , 23P A j o n a s

5. I— ? Lee & 1977 Pageop h , , 523
H R Pruppacher

6. J Latham & 1977 Quart J Roy Met 5cc , 
~~~~ 287

R L Reed
7. R G Knollenberg 1976 Proc m t  Conf Cloud Phys , Boulder ,554

8. R G Corbin , 1977 Nature , j~~~, 32
J Latham , C Mill ,
M H 5 r n i t h & -

.

I M Stromberg.

9. RocU ,,~.a . 1978 Proc AMS , Corif Cloud Physics &

- 
Atmosp heric Electricity, Issaqush , SS

..

- a

-‘ -



LaQ.i~9,~ç~
~~ ‘

~ ~&

, I L r 5

~~~~~~~~~~~~~~~~~~~

— 
.

- 
- 

~~
. 

~~~~~~~

.

_ _ _ _ _ _ _ _  I 

,

C)

~~~~~~~~~~

t
- 

. . .

‘ .

~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~ 

—

~~~~~~



1 ~~~~~~~ ,~~~. _±,~~~~~~~~~

-

~~~~

I - 

~2 — r,~--~7i  /6~ 3 ~~ L_~ C 2 ~[
II , 1 -,

L. - 

- 

. 
- 

-

—

‘
~~1 — -

I -
I,

I 

— 

-

- 

.
‘ 

.

3

1 - — 

. 

- 
-

- - -

I )

/¼ ~ .

~~~~~ 
‘2 - ‘±““ ‘

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - - 

- , ‘ ~ 2

~~~~~~~~~~~~~ 
-, 

.: ‘ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i- -::‘H ~



L
~

I
~

L. ~~ 
. :j~’-,1 

~~~~~~~~~~~~~~~ 
‘/~

I’ , ~ / /A ’  I- - O ’ .i
‘.

-

~ 

__

~/ 

\ \ 

-, I t
I’! dJ 1U ~~~~~ 0 ~,It.JJ ~~~ 

) 4

2. , 

- 

‘

\

4,’ i t ’
1 ”

, %

‘.1

~~ ~ . ~~~~~~~~~~ 
~~~~~~~~~~~ t -~~~• -

~ 5Y’ 
~~~~~~~~~~

‘-
~~~ ~~~

‘
~~

‘ ~ C’~’

‘2•

-t 
p - . - ‘ - -

N

~ 

_ _______________________



• 
- \ . i ’ ”; i~ ’ L ~~i~~ 

- 

~‘~x i ~.

,;- 
I

_

~~I ~~~~~~ 
;I -
~, ,e~: : ~~f~~, ~~~~ ~~~ 

~~~~~~~~

I ~ ‘~: : ~; ~1 i: ~~~

‘ i;;; 
~~ 

/ 

a

\
‘ _

-
- _

‘ 

‘
/~~~, 

Ic) - :2. -
~~~I

’
i ~~ , “ ~~~~~~~~~~ L’~~) C- ; - , .

— — a  ~ i ‘~~ 1\~~ , 
/ 

2.

- \ \ 
‘ 4

\
\ \  

)

- è ~~~~~~ /

c ç % /
~~

.
. 1 L~ 1 ~~~~~ C L , a ~~, i ’,&~~~~~~~~~~~~~ . I h l ,/ ( % I .

_
“

-

‘ C ’ -

[L~ _ _



~~~~~~~~~‘ 2 - ‘~~~~~“ - 
•

- L • - .
- I , .  ,‘

~ -• — ~~~~~~ . ‘ . ,, 2 • a L ~~ 1 -  r~~~. . ‘ I ~~~~~‘ ‘  — - ‘ a

~
_ 1  

- 
1. .~~~~ . -:. an tn .. ~, ~~~; . ‘~~~ r : ~ .:; I . S

N -~ ~~~~~~~~ ,~ 
‘ 

~ ‘- -
~~a ;  ~. ‘ .~~~- -

.

4 
2 T . L,” - —~

—

- I

- 
- -

S 

~ / .~- 
‘

/ ; ‘
~

~~~~~~~~
—‘ ‘ d--~~~ ~~~~~ 

- ,‘ --

• 
‘a

- / 1  ~~~

~~~~~~ 
\ _  ‘I

• 
‘ 

“a~~ 
2 - 

, 
. 

p

- ‘.1

— 

-

2 .. \
I
~
__

‘ a

I 
.

-
~~ H -  H— 2

. 2
12..,)

a 

‘ I

‘ 
- \-“-J ~ 

- -

- I  •
~ \ ,

- I’ 

‘

~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _  

23
—

- 

-. —_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



• 2

2 . 2 2 1  -~ ~‘ ‘ ~ ~ ‘~~~~“ ‘~~~~~‘ ~~~~~~~ ~~~ . : . ~~:

~~~~~~~~~~ 
‘ : H Y~~~ .~~~~~~~~~~~~~~~ 2 , :

T ( e C) - . 2 • 5 ‘
~~~~~~. :.: -; . • ~. - . .  

- 
- -

~~~~ ~:.: ~~~ — — . —

- ..~:t ~it ~- ;~ ~
- 

:. .. ‘
. .. 

~~~~
.H -  .. - O .~~~~~~ . 0 15’ 0. 1-5

—~~ — --; - — — - - - 
- 

p -. - --~ - -, -. —
~~~ 

- - - - ~ 
-

~~~ ~~~~~ ~~- • ‘ ~~~~~~~~~~~~~~~ - - - — - —

:H’~~ .~~~~~. — . -~~ •~~ -~ .H 2 . :~~~ 2 ,,~~~~~I

2 .: : ’  :.~~~~ - 1 . 1:: :.
•
~
‘•; :,~~~~- :. .~~~, c .93  I~ Go

~~~~~~~~ :;~~‘ :. ‘
~~~ ~~~~~~~~~~~ ~~~~ :.~~~.: — — —

~~~~~~~~~~ o .~~ :. - 
:.~ : :.i :.~~ ~~~~~~~~ 

-
- :.~~: ~~~~~~~~

~~~~H 2 O . ~~~~~ .2 ~~~~~~~~~~~ O .~~~~~~ .~~~~~~. 2 . 2 . . 2 . 2~~~

- - ir : ;~ tr~d ~,r: 
•
~~ , t~~ .

’ - - :  - ‘
~~~~ L~~_ - - • - -~~: :  -

- 1 , / a

r d  7 r  ~ ,
‘ re ’ -’ , .. —

thr~ - , . : ~~~~~~~ T-~~ ’Th: , . ‘nt ic £ Y  j r~
- - n~:~~u~ ~~~ - . .

•

1

H~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~

‘ . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


